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7KHRUHWLFDO &RQWULEXWLRQV
&KDOOHQJHV LQ 0DWKHPDWLFDO &RJQLWLRQ
$ &ROODERUDWLYHO\'HULYHG 5HVHDUFK $JHQGD
/DUD $OFRFND 'DQLHO $QVDULE 6RSKLH %DWFKHORUD 0DULH-RVpH %LVVRQD %HUW 'H 6PHGWF &DPLOOD
*LOPRUHD 6LONH 0 *|EHOG 0LQQD +DQQXOD6RUPXQHQH -HUHP\ +RGJHQ I 0DWWKHZ ,QJOLVD ,DQ
-RQHVD 0LFKqOH 0D]]RFFRJ 1LFROH 0F1HLOK 0LFKDHO 6FKQHLGHU L 9LFWRULD 6LPPV M .HLWK :HEHU N
>D@0DWKHPDWLFV (GXFDWLRQ &HQWUH /RXJKERURXJK 8QLYHUVLW\ /RXJKERURXJK 8QLWHG .LQJGRP >E@1XPHULFDO &RJQLWLRQ /DERUDWRU\ 'HSDUWPHQW
RI 3V\FKRORJ\ 	 %UDLQ DQG 0LQG ,QVWLWXWH 7KH 8QLYHUVLW\ RI :HVWHUQ 2QWDULR /RQGRQ &DQDGD >F@ )DFXOW\ RI 3V\FKRORJ\ DQG (GXFDWLRQDO
6FLHQFHV .8 /HXYHQ /HXYHQ %HOJLXP >G@ 'HSDUWPHQW RI 3V\FKRORJ\ 8QLYHUVLW\ RI <RUN <RUN 8QLWHG .LQJGRP >H@ 'HSDUWPHQW RI 7HDFKHU
(GXFDWLRQ 8QLYHUVLW\ RI 7XUNX 7XUNX )LQODQG >I@ 6FKRRO RI (GXFDWLRQ 8QLYHUVLW\ RI 1RWWLQJKDP 1RWWLQJKDP 8QLWHG .LQJGRP >J@ ,QVWLWXWH
RI &KLOG 'HYHORSPHQW 8QLYHUVLW\ RI 0LQQHVRWD 0LQQHDSROLV 86$ >K@ 'HSDUWPHQW RI 3V\FKRORJ\ 8QLYHUVLW\ RI 1RWUH 'DPH 1RWUH 'DPH
86$ >L@ (GXFDWLRQDO 3V\FKRORJ\ 8QLYHUVLWlW 7ULHU 7ULHU *HUPDQ\ >M@ 3V\FKRORJ\ 5HVHDUFK ,QVWLWXWH 8OVWHU 8QLYHUVLW\ %HOIDVW 8QLWHG
.LQJGRP >N@ *UDGXDWH 6FKRRO RI (GXFDWLRQ 5XWJHUV 7KH 6WDWH 8QLYHUVLW\ RI 1HZ -HUVH\ 1HZ %UXQVZLFN 86$
$EVWUDFW
7KLV SDSHU UHSRUWV RQ D FROODERUDWLYH H[HUFLVH GHVLJQHG WR JHQHUDWH D FRKHUHQW DJHQGD IRU UHVHDUFK RQ PDWKHPDWLFDO FRJQLWLRQ )ROORZLQJ DQ
HVWDEOLVKHG PHWKRG WKH H[HUFLVH EURXJKW WRJHWKHU  PDWKHPDWLFDO FRJQLWLRQ UHVHDUFKHUV IURP DFURVV WKH ILHOGV RI PDWKHPDWLFV HGXFDWLRQ
SV\FKRORJ\ DQG QHXURVFLHQFH 7KHVH SDUWLFLSDQWV HQJDJHG LQ D SURFHVV LQ ZKLFK WKH\ JHQHUDWHG DQ LQLWLDO OLVW RI UHVHDUFK TXHVWLRQV ZLWK WKH
SRWHQWLDO WR VLJQLILFDQWO\ DGYDQFH XQGHUVWDQGLQJ RI PDWKHPDWLFDO FRJQLWLRQ ZLQQRZHG WKLV OLVW WR D VPDOOHU VHW RI SULRULW\ TXHVWLRQV DQG UHILQHG
WKH HYHQWXDO TXHVWLRQV WR PHHW FULWHULD UHODWHG WR FODULW\ VSHFLILFLW\ DQG SUDFWLFDELOLW\ 7KH UHVXOWLQJ OLVW FRPSULVHV  TXHVWLRQV GLYLGHG LQWR VL[
EURDG WRSLF DUHDV HOXFLGDWLQJ WKH QDWXUH RI PDWKHPDWLFDO WKLQNLQJ PDSSLQJ SUHGLFWRUV DQG SURFHVVHV RI FRPSHWHQFH GHYHORSPHQW FKDUWLQJ
GHYHORSPHQWDO WUDMHFWRULHV DQG WKHLU LQWHUDFWLRQV IRVWHULQJ FRQFHSWXDO XQGHUVWDQGLQJ DQG SURFHGXUDO VNLOO GHVLJQLQJ HIIHFWLYH LQWHUYHQWLRQV
DQG GHYHORSLQJ YDOLG DQG UHOLDEOH PHDVXUHV ,Q SUHVHQWLQJ WKHVH TXHVWLRQV LQ WKLV SDSHU ZH LQWHQG WR VXSSRUW JUHDWHU FRKHUHQFH LQ ERWK
LQYHVWLJDWLRQ DQG UHSRUWLQJ WR EXLOG D VWURQJHU EDVH RI LQIRUPDWLRQ IRU FRQVLGHUDWLRQ E\ SROLF\PDNHUV DQG WR HQFRXUDJH UHVHDUFKHUV WR WDNH
D FRQVLOLHQW DSSURDFK WR DGGUHVVLQJ LPSRUWDQW FKDOOHQJHV LQ PDWKHPDWLFDO FRJQLWLRQ
.H\ZRUGV PDWKHPDWLFDO FRJQLWLRQ QXPHULFDO FRJQLWLRQ UHVHDUFK DJHQGD PDWKHPDWLFV HGXFDWLRQ
-RXUQDO RI 1XPHULFDO &RJQLWLRQ  9RO  ± GRLMQFYL
5HFHLYHG  $FFHSWHG  3XEOLVKHG 9R5 
&RUUHVSRQGLQJ DXWKRU DW 0DWKHPDWLFV (GXFDWLRQ &HQWUH /RXJKERURXJK 8QLYHUVLW\ /RXJKERURXJK /( 78 8QLWHG .LQJGRP (PDLO
OMDOFRFN#OERURDFXN
7KLV LV DQ RSHQ DFFHVV DUWLFOH GLVWULEXWHG XQGHU WKH WHUPV RI WKH &UHDWLYH &RPPRQV $WWULEXWLRQ /LFHQVH
KWWSFUHDWLYHFRPPRQVRUJOLFHQVHVE\ ZKLFK SHUPLWV XQUHVWULFWHG XVH GLVWULEXWLRQ DQG UHSURGXFWLRQ LQ DQ\ PHGLXP SURYLGHG WKH
RULJLQDO ZRUN LV SURSHUO\ FLWHG
,QWURGXFWLRQ
5HVHDUFK RQ PDWKHPDWLFDO FRJQLWLRQ KDV PDGH VXEVWDQWLDO DGYDQFHV LQ UHFHQW \HDUV LQ DUHDV WKDW VSDQ GLYHUVH
WKHRUHWLFDO IUDPHZRUNV ERWK ZLWKLQ DQG DFURVV GLVFLSOLQHV )RU LQVWDQFH QHXURVFLHQFH UHVHDUFK KDV UHYHDOHG SR
WHQWLDO PHFKDQLVPV FRQWULEXWLQJ WR WKH UHSUHVHQWDWLRQ RI QXPEHU DQG UHODWHG FRQFHSWV LQ WKH EUDLQ 'H 6PHGW
1RsO *LOPRUH 	 $QVDUL  %HKDYLRXUDO UHVHDUFK KDV LGHQWLILHG GLVWLQFWLYH FKDUDFWHULVWLFV LQ WKH PDWKHPDWLFDO
WKLQNLQJ RI \RXQJ FKLOGUHQ ZLWK DW\SLFDO GHYHORSPHQW 'HQQLV %HUFK 	 0D]]RFFR  *HDU\  .DXIPDQQ
-RXUQDO RI 1XPHULFDO &RJQLWLRQ
MQFSV\FKRSHQHX _ 
HW DO  LQGLYLGXDO GLIIHUHQFHV LQ W\SLFDO PDWKHPDWLFV OHDUQLQJ *HDU\  5DJKXEDU %DUQHV 	 +HFKW
 DQG WKH QDWXUH DQG YDULHW\ RI PDWKHPDWLFDO H[SHUWLVH :HEHU ,QJOLV 	 0HMtD5DPRV  6WXGLHV RQ
WKH HIIHFWV RI WKH HQYLURQPHQW LQFOXGLQJ KRPH /H)HYUH HW DO  VFKRRO %HLORFN *XQGHUVRQ 5DPLUH] 	
/HYLQH  &OHPHQWV 	 6DUDPD  DQG FXOWXUH HJ -RQHV ,QJOLV *LOPRUH 	 'RZHQV  KDYH DOVR
LQIOXHQFHG WKHRUHWLFDO FRQFHSWXDOLVDWLRQV RI PDWKHPDWLFDO OHDUQLQJ DQG FRQWULEXWHG WR WKH GHVLJQ RI LQWHUYHQWLRQV
WR VXSSRUW WKDW OHDUQLQJ &RKHQ .DGRVK 'RZNHU +HLQH .DXIPDQQ 	 .XFLDQ 
&ROOHFWLYHO\ WKLV ZRUN FRXOG KDYH VXEVWDQWLDO LQWHUQDWLRQDO SROLF\ LPSOLFDWLRQV DQG LQGHHG VSHFLILF UHVHDUFK SUR
JUDPPHV KDYH OHG WR ODUJHVFDOH WULDOV RI WHDFKLQJ SUDFWLFHV DQG PDWHULDOV GHYHORSPHQW 7RUJHUVRQ :LJJLQV
7RUJHUVRQ $LQVZRUWK 	 +HZLWW  +RZHYHU WKH SRWHQWLDO RI WKH ILHOG DV D ZKROH KDV \HW WR EH IXOO\ UHDOLVHG
SHUKDSV LQ SDUW GXH WR LWV GLYHUVH QDWXUH 7KLV GLYHUVLW\ DIIRUGV WKH EHQHILWV WKDW DFFRPSDQ\ PXOWLSOH SHUVSHFWLYHV
EXW DOVR JHQHUDWHV REVWDFOHV UHVXOWLQJ IURP GLVFUHSDQW PHWKRGRORJLHV 6R ZKLOH PDWKHPDWLFDO FRJQLWLRQ UHVHDUFKHUV
VKDUH FHQWUDO FRQFHUQV ± WKH GHVLUH WR XQGHUVWDQG DQG VXSSRUW PDWKHPDWLFDO WKLQNLQJ DQG OHDUQLQJ DW DOO HGXFD
WLRQDO OHYHOV ± WKH\ KDYH GLIIHUHQW SULRULWLHV PHWKRGV DQG FRQFHSWLRQV RI FHQWUDO WKHRUHWLFDO FRQVWUXFWV DQG WKHLU
ZRUN LV SXEOLVKHG DFURVV D GLYHUVH UDQJH RI RXWOHWV $UJXDEO\ WKLV LV DQ DSSURSULDWH WLPH WR GUDZ WRJHWKHU FXUUHQW
WKLQNLQJ IURP WKHVH ILHOGV DQG WR DUWLFXODWH D PXWXDOO\ XQGHUVWRRG YLHZ RI UHVHDUFK SULRULWLHV WKDW FDQ LQIRUP DQG
VKDSH IXWXUH UHVHDUFK LQ PDWKHPDWLFDO FRJQLWLRQ
7KLV SDSHU LV GHVLJQHG WR GR WKDW ,W UHSRUWV WKH UHVXOWV RI DQ H[HUFLVH WKDW EURXJKW WRJHWKHU  UHVHDUFKHUV IURP
VL[ FRXQWULHV ZLWK H[SHUWLVH LQ PDWKHPDWLFV HGXFDWLRQ SV\FKRORJ\ DQG FRJQLWLYH QHXURVFLHQFH DQG WKDW VRXJKW
WR LGHQWLI\ NH\ RSHQ TXHVWLRQV LQ PDWKHPDWLFDO FRJQLWLRQ 7KH TXHVWLRQV ZHUH JHQHUDWHG XVLQJ D FROODERUDWLYH
SURFHVV PRGHOOHG RQ SUHYLRXV H[HUFLVHV LQ RWKHU ILHOGV 6XWKHUODQG HW DO   6XWKHUODQG )OHLVKPDQ
0DVFLD 3UHWW\ 	 5XGG  ZLWK DGDSWDWLRQV DSSURSULDWH WR WKH FRPSDUDWLYHO\ IRFXVHG UHVHDUFK WRSLF DQG
VPDOO QXPEHU RI SDUWLFLSDQWV :H IROORZHG D VL[VWDJH SURFHVV WR JHQHUDWH DQ LQLWLDO OLVW RI TXHVWLRQV VHOHFW
TXHVWLRQV WKDW SDUWLFLSDQWV FROOHFWLYHO\ YLHZHG DV PRVW LPSRUWDQW UHILQH WKHVH VR DV WR PHHW D OLVW RI LQFOXVLRQ FUL
WHULD DQG RUJDQLVH WKHP LQ D IRUP FRQGXFLYH WR WKH GLVFXVVLRQ DQG SODQQLQJ RI QHZ DQG RQJRLQJ UHVHDUFK SUR
JUDPPHV IRU GHWDLOV VHH WKH 0HWKRG VHFWLRQ )URP WKHVH TXHVWLRQV SUDFWLFDO VXJJHVWLRQV HYROYHG UHJDUGLQJ
KRZ WR PD[LPL]H WKH ILHOG¶V DELOLW\ WR VKDUH ERWK ZRUN DQG ILQGLQJV DFURVV UHVHDUFK ODERUDWRULHV DQG GLVFLSOLQHV
7KH ILQDO TXHVWLRQ OLVW DV SUHVHQWHG LQ WKH 5HVXOWV VHFWLRQ LV QDUURZ LQ WKH VHQVH WKDW LW LV VSHFLILFDOO\ IRFXVHG RQ
UHVHDUFK UHODWHG WR WKH FRJQLWLYH DVSHFWV RI KXPDQ PDWKHPDWLFDO WKLQNLQJ DQG OHDUQLQJ %XW WKH OLVW LV EURDG LQ
WKDW LW UHIOHFWV SULRULWLHV UDQJLQJ IURP LVVXHV RI UHSUHVHQWDWLRQ LQ WKH EUDLQ WKURXJK WKH PDWKHPDWLFDO WKLQNLQJ DQG
OHDUQLQJ RI YHU\ \RXQJ DQG ROGHU FKLOGUHQ XS WR DQG LQFOXGLQJ WKH SUDFWLFHV DQG UHDVRQLQJ RI H[SHUW PDWKHPDWLFLDQV
:H LQWHQG WKH TXHVWLRQV WR VXSSRUW JUHDWHU FRKHUHQFH LQ ERWK LQYHVWLJDWLRQ DQG UHSRUWLQJ RI LVVXHV LQ PDWKHPDW
LFDO FRJQLWLRQ DQG WKXV WR EXLOG D VWURQJHU EDVH RI LQIRUPDWLRQ IRU FRQVLGHUDWLRQ E\ UHVHDUFKHUV DQG SROLF\PDNHUV
:H KRSH WKDW WKH TXHVWLRQV ZLOO LQVSLUH UHVHDUFKHUV LQ WKH UHOHYDQW ILHOGV WR OLNHZLVH DGGUHVV ELJ FKDOOHQJHV LQ
PDWKHPDWLFDO FRJQLWLRQ DQG LQ WKH SURFHVV WR GHYHORS PHWKRGV WKDW SURPRWH LQWHUFRQQHFWHG WKHRULHV
%DFNJURXQG
5HVHDUFKHUV ZLWK LQWHUHVWV LQ PDWKHPDWLFDO FRJQLWLRQ UHSUHVHQW D YDULHW\ RI GLVFLSOLQHV
7KRVH ZRUNLQJ LQ PDWKHPDWLFV HGXFDWLRQ KDYH RIWHQ WUDLQHG LQLWLDOO\ DV PDWKHPDWLFLDQV RU WHDFKHUV VRPH KDYH
PRYHG IURP DQ XQGHUJUDGXDWH RU PDVWHUV H[SHULHQFH LQ PDWKHPDWLFV VWUDLJKW WKURXJK WR D GRFWRUDWH LQ HGXFDWLRQ
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$OFRFN $QVDUL %DWFKHORU HW DO 
EXW PDQ\ KDYH PRYHG LQWR HGXFDWLRQDO UHVHDUFK ODWHU LQ WKHLU FDUHHUV DIWHU WHDFKLQJ LQ VFKRROV ZRUNLQJ WR SUHSDUH
WHDFKHUV RU ZRUNLQJ DV PDWKHPDWLFLDQV 7KH\ W\SLFDOO\ SXEOLVK LQ RXWOHWV VXFK DV WKH -RXUQDO IRU 5HVHDUFK LQ
0DWKHPDWLFV (GXFDWLRQ L (GXFDWLRQDO 6WXGLHV LQ 0DWKHPDWLFV DQG WKH -RXUQDO RI 0DWKHPDWLFDO %HKDYLRU DQG
VKDUH ZRUN DW FRQIHUHQFHV VXFK DV WKDW RI WKH ,QWHUQDWLRQDO *URXS IRU WKH 3V\FKRORJ\ RI 0DWKHPDWLFV (GXFDWLRQ
0XFK ZRUN LQ DOO RI WKHVH RXWOHWV FRPSULVHV GHWDLOHG TXDOLWDWLYH VWXGLHV LQFOXGLQJ FDVH VWXGLHV RQ VWXGHQWV¶ XQ
GHUVWDQGLQJV RI VSHFLILF PDWKHPDWLFDO FRQFHSWV IURP WKRVH LQ HDUO\ QXPEHU ULJKW XS WKURXJK XQGHUJUDGXDWH VWXG\
DQG LQWR ZRUN RQ WKH UHDVRQLQJ RI PDWKHPDWLFDO H[SHUWV 2WKHU ZRUN WDNHV WKH IRUP RI GHVLJQ UHVHDUFK 3UHGLJHU
*UDYHPHLMHU 	 &RQIUH\  DQG H[SHULPHQWDO VWXGLHV DUH FRPSDUDWLYHO\ UDUH $OFRFN *LOPRUH 	 ,QJOLV 
7KRVH ZRUNLQJ LQ SV\FKRORJ\ KDYH XVXDOO\ WUDLQHG LQLWLDOO\ LQ GHYHORSPHQWDO H[SHULPHQWDO RU FRJQLWLYH SV\FKRORJ\
VRPH SXUVXH UHVHDUFK LQ PDWKHPDWLFDO FRJQLWLRQ GXH WR DQ LQWHUHVW LQ PDWKHPDWLFV SHU VH EXW RWKHUV DUH LQWHUHVWHG
LQ PRUH JHQHUDO FRJQLWLYH IXQFWLRQLQJ DQG XVH PDWKHPDWLFDO LGHDV SULPDULO\ DV D YHKLFOH WR VWXG\ WKLV 7KHVH UH
VHDUFKHUV W\SLFDOO\ SXEOLVK LQ MRXUQDOV LQFOXGLQJ &RJQLWLRQ &KLOG 'HYHORSPHQW 'HYHORSPHQWDO 6FLHQFH -RXUQDO
RI ([SHULPHQWDO &KLOG 3V\FKRORJ\ -RXUQDO RI (GXFDWLRQDO 3V\FKRORJ\ DQG /HDUQLQJ DQG ,QVWUXFWLRQ DQG VKDUH
ZRUN DW FRQIHUHQFHV VXFK DV WKDW RI WKH (XURSHDQ $VVRFLDWLRQ IRU 5HVHDUFK RQ /HDUQLQJ DQG ,QVWUXFWLRQ DQG WKH
6RFLHW\ IRU 5HVHDUFK LQ &KLOG 'HYHORSPHQW 8QOLNH WKRVH ZLWK EDFNJURXQGV LQ HGXFDWLRQ WKH\ IUHTXHQWO\ FRQGXFW
H[SHULPHQWDO RU TXDVLH[SHULPHQWDO VWXGLHV EXW WKH PDWKHPDWLFDO FRQFHSWV LQYROYHG DUH RIWHQ EDVHG LQ VLPSOH
DULWKPHWLF DQG LWV SUHFXUVRUV
7KRVH ZRUNLQJ LQ FRJQLWLYH QHXURVFLHQFH KDYH RIWHQ WUDLQHG LQLWLDOO\ LQ H[SHULPHQWDO RU FRJQLWLYH SV\FKRORJ\
FRJQLWLYH VFLHQFH RU QHXURVFLHQFH 0RVW KDYH PRYHG LQWR GHYHORSPHQWDO FRJQLWLYH QHXURVFLHQFH DIWHU GRFWRUDO
WUDLQLQJ LQ DGXOW FRJQLWLYH QHXURVFLHQFH DQGRU GHYHORSPHQWDO GLVRUGHUV 7KHVH UHVHDUFKHUV W\SLFDOO\ SXEOLVK LQ
MRXUQDOV VXFK DV WKH -RXUQDO RI &RJQLWLYH 1HXURVFLHQFH 1HXURSV\FKRORJLD DQG 7UHQGV LQ (GXFDWLRQ DQG 1HXURV
FLHQFH DQG VKDUH ZRUN DW FRQIHUHQFHV VXFK DV WKH $QQXDO 0HHWLQJ RI WKH &RJQLWLYH 1HXURVFLHQFH 6RFLHW\ DQG
&RQIHUHQFH RI WKH (XURSHDQ 6RFLHW\ IRU &RJQLWLYH 3V\FKRORJ\ 7\SLFDO VWXGLHV LQ WKLV DUHD LQFOXGH PHDVXUHV RI
EUDLQ DFWLYLW\ GXULQJ QXPEHU SURFHVVLQJ DQG DULWKPHWLF RIWHQ WKH ZRUN UHODWHV WKHVH WR EHKDYLRXUDO PHDVXUHV
&HQWUDO UHVHDUFK TXHVWLRQV LQYROYH LQYHVWLJDWLQJ WKH EUDLQ FRUUHODWHV RI QXPEHU SURFHVVLQJ DQG DULWKPHWLF KRZ
WKHVH FKDQJH ZLWK GHYHORSPHQW VNLOO DFTXLVLWLRQ DQG WUDLQLQJ DQG WKHLU UROH LQ G\VFDOFXOLD
&UXFLDOO\ IRU WKH GHYHORSPHQW RI UHVHDUFK LQ PDWKHPDWLFDO FRJQLWLRQ WKHUH KDV WUDGLWLRQDOO\ EHHQ OLWWOH FRPPXQLF
DWLRQ EHWZHHQ UHVHDUFKHUV ZRUNLQJ LQ WKHVH DUHDV FURVVFLWDWLRQV ZLWK HGXFDWLRQ LQ SDUWLFXODU DUH FRPSDUDWLYHO\
UDUH ,I WKLV LV D IDXOW WKHQ LW LV D FRPPRQ DQG SUHGLFWDEOH RQH UHVHDUFKHUV DFURVV DOO GLVFLSOLQHV SXEOLVK WKHLU ZRUN
SULPDULO\ LQ WKRVH MRXUQDOV WKDW PRVW FORVHO\ UHIOHFW WKHLU LQIOXHQFHV DQG PHWKRGV VR LW LV QDWXUDO WKDW FLWDWLRQ VLORV
VKRXOG HYROYH %XW WKLV FOHDUO\ OLPLWV DQ LQWHUGLVFLSOLQDU\ HQGHDYRXU LQVLJKWV IURP RQH DUHD PLJKW ZHOO LQIRUP DF
FHOHUDWH RU VXSSODQW WKHRUHWLFDO GHYHORSPHQWV LQ DQRWKHU DQG PHWKRGRORJLFDO GLYHUVLW\ VKRXOG EH HPEUDFHG DV
D PHDQV RI GHYHORSLQJ ERWK GLIIHUHQW W\SHV RI LQVLJKW DQG LQGLYLGXDO UHVHDUFKHU VNLOOV )RU WKHVH UHDVRQV ZH VRXJKW
WR DVVHPEOH UHVHDUFKHUV ZLWK D GLYHUVH UDQJH RI LQWHUHVWV LQ KXPDQ PDWKHPDWLFDO FRJQLWLRQ DQG WR LPSOHPHQW D
SURFHVV WKDW ZRXOG IRFXV WKHLU DWWHQWLRQ RQ WKHLU FRPPRQ JRDOV FODULI\ VLPLODULWLHV DQG GLIIHUHQFHV LQ WKHRULHV DQG
PHWKRGV DQG IDFLOLWDWH IXWXUH FRPPXQLFDWLRQ ,Q FRPPXQLFDWLQJ WKH RXWFRPHV RI WKLV SURFHVV LQ WKH IRUP RI D
SDSHU ZH DLP WR IXUWKHU WKHVH JRDOV E\ VWLPXODWLQJ D VLPLODU GHEDWH DFURVV WKH EURDGHU PDWKHPDWLFDO FRJQLWLRQ
FRPPXQLW\ :H EHOLHYH WKDW WKH WLPH LV ULJKW IRU WKLV EHFDXVH D FROOHFWLYH GHVLUH IRU FRPPXQLFDWLRQ LV HYLGHQW LQ
WKH HVWDEOLVKPHQW RI LQWHUGLVFLSOLQDU\ VRFLHWLHV HJ WKH ,QWHUQDWLRQDO 0LQG %UDLQ DQG (GXFDWLRQ 6RFLHW\ DQG
MRXUQDOV OLNH WKLV RQH DQG EHFDXVH RQH ZD\ WR PD[LPLVH WKH JDLQV IURP VWUXFWXUHG FURVVWDON LV WR IRFXV RQ WKH
ELJ TXHVWLRQV ZH ZRXOG DOO OLNH WR VHH DQVZHUHG :H UHWXUQ WR WKLV SRLQW LQ WKH 'LVFXVVLRQ VHFWLRQ RI WKLV SDSHU
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&KDOOHQJHV LQ 0DWKHPDWLFDO &RJQLWLRQ 
0HWKRG
:H PRGHOOHG RXU PHWKRG RQ WKDW GHVFULEHG LQ 6XWKHUODQG HW DO  ZKR SXUVXHG D 'HOSKLOLNH SURFHVV +VX
	 6DQGIRUG  WR LGHQWLI\ D OLVW RI XQDQVZHUHG TXHVWLRQV RQ WKH UHODWLRQVKLS EHWZHHQ VFLHQFH DQG SROLF\
6XWKHUODQG KDV DOVR EHHQ LQYROYHG LQ VLPLODU H[HUFLVHV LQ HFRORJ\ DQG FRQVHUYDWLRQ HJ 6XWKHUODQG HW DO LL
:H ZHUH FRQVFLRXV WKURXJKRXW WKDW DV 6XWKHUODQG HW DO  S  QRWH ³>D@Q\ SULRULW\VHWWLQJ H[HUFLVH LV WKH
SURGXFW RI WKH SHRSOH ZKR SDUWLFLSDWH 7KH UHVXOWV FDQ EH LQIOXHQFHG E\ WKH LQWHUHVWV SUHVHQW )XUWKHUPRUH LQGL
YLGXDOV PD\ KDYH DJHQGDV +RZHYHU D GLYHUVH DQG PRGHUDWHO\ ODUJH JURXS FOHDU FULWHULD DQG D GHPRFUDWLF
SURFHVV DOO KHOS UHGXFH WKH LPSDFW RI DQ\ LQGLYLGXDO´ ,Q WKLV VHFWLRQ ZH H[SODLQ KRZ ZH DGGUHVVHG WKHVH LVVXHV
&RPSDUHG ZLWK ILHOGV OLNH VFLHQFH SROLF\ RXU UHVHDUFK GRPDLQ LV VPDOO %XW ZH DLPHG QHYHUWKHOHVV WR DFW LQ WKH
VSLULW RI 6XWKHUODQG HW DO¶V  DSSURDFK VHHNLQJ SDUWLFLSDQWV ZKR ZRXOG UHSUHVHQW D UDQJH RI GLVFLSOLQHV DQG
ZKR ZRXOG LGHDOO\ KDYH H[SHULHQFH RU DW OHDVW NQRZOHGJH RI WKH WKHRULHV DQG PHWKRGV W\SLFDOO\ LQ XVH LQ WZR RU
PRUH DUHDV %HFDXVH UHVRXUFHV ZHUH OLPLWHG DQG EHFDXVH ZH ZHUH LQWHUHVWHG LQ GUDZLQJ WRJHWKHU D FRPPXQLW\
RI UHVHDUFKHUV ZKRVH ZRUN FRXOG EH H[SHFWHG WR LQIOXHQFH WKH ILHOG IRU DQ H[WHQGHG WLPH ZH VRXJKW SDUWLFXODUO\
WR LQYLWH HDUO\ WR PLGFDUHHU DFDGHPLFV ZLWK UHVHDUFK SURJUDPV WKDW ZHUH HVWDEOLVKHG HQRXJK WR KDYH D KLJK
SUREDELOLW\ RI PDNLQJ VXEVWDQWLDO IXUWKHU FRQWULEXWLRQV LQ WKH FRPLQJ GHFDGHV :LWK WKHVH JRDOV LQ PLQG ZH LQYLWHG
 VFKRODUV IURP WKH GLVFLSOLQHV RI PDWKHPDWLFV HGXFDWLRQ SV\FKRORJ\ DQG FRJQLWLYH QHXURVFLHQFH WR WDNH SDUW
WKH  DUH WKH DXWKRUV RI WKLV SDSHU  DWWHQGHG DV GHOHJDWHV DW WKH 5R\DO 6RFLHW\IXQGHG FRQIHUHQFH *UDQG
&KDOOHQJHV LQ 0DWKHPDWLFDO &RJQLWLRQ LLL DQG RQH SDUWLFLSDWHG LQ DOO WKH QRQFRQIHUHQFH VWDJHV DQG KDG D SDUWLFXODU
UROH LQ RUJDQLVLQJ WKH TXHVWLRQV IRU SUHVHQWDWLRQ 7DEOH  OLVWV WKH SDUWLFLSDQWV¶ FRXQWULHV RI DIILOLDWLRQ PDLQ UHVHDUFK
DUHDV DQG VSHFLILF LOOXVWUDWLYH UHVHDUFK IRFL
7DEOH 
3DUWLFLSDQWV¶ 0DLQ 5HVHDUFK $UHDV DQG 6SHFLILF ,OOXVWUDWLYH 5HVHDUFK )RFL
,OOXVWUDWLYH 5HVHDUFK )RFL1HXUR3V\FK(GX&RXQWU\3DUWLFLSDQW
;8./DUD $OFRFN 8QGHUJUDGXDWH SURRI FRPSUHKHQVLRQ
([SHUW DQG QRYLFH PDWKHPDWLFDO UHDGLQJ
/HDUQLQJ LQWHUYHQWLRQV LQ XQGHUJUDGXDWH PDWKHPDWLFV
;;&DQDGD'DQLHO $QVDUL %DVLF QXPEHU SURFHVVLQJ DQG LQGLYLGXDO GLIIHUHQFHV
&RJQLWLYH DQG QHXURQDO FRUUHODWHV RI GHYHORSPHQWDO G\VFDOFXOLD
6\PEROLF DQG QRQV\PEROLF PDJQLWXGHV DW EHKDYLRXUDO DQG EUDLQ OHYHOV
;;8.6RSKLH %DWFKHORU &KLOGUHQ¶V PDJQLWXGH UHSUHVHQWDWLRQV DQG FRXQWLQJ VNLOOV
6SRQWDQHRXV IRFXVLQJ RQ QXPHURVLW\ DQG DULWKPHWLF VNLOOV
0DWKHPDWLFV DQ[LHW\ LQ SULPDU\ VFKRRO FKLOGUHQ
;;8.0DULH-RVpH %LVVRQ 0HDVXULQJ FRQFHSWXDO XQGHUVWDQGLQJ LQ PDWKHPDWLFV
8VLQJ FRPSDUDWLYH MXGJHPHQW LQ UDQGRPLVHG FRQWUROOHG WULDOV
,QFLGHQWDO OHDUQLQJ
;;;%HOJLXP%HUW 'H 6PHGW %DVLF QXPEHU SURFHVVLQJ DQG LQGLYLGXDO GLIIHUHQFHV
'\VFDOFXOLD PDWKHPDWLFDO OHDUQLQJ GLIILFXOWLHV
$ULWKPHWLF VWUDWHJ\ XVH
;8.&DPLOOD *LOPRUH (DUO\ QXPHULFDO GHYHORSPHQW
([HFXWLYH IXQFWLRQV DQG PDWKHPDWLFV
(GXFDWLRQDO RXWFRPHV RI SUHPDWXULW\
;;8.6LONH 0 *|EHO /RQJLWXGLQDO SUHGLFWRUV RI DULWKPHWLF JURZWK LQ SULPDU\ VFKRRO
1XPEHUVSDFH DVVRFLDWLRQV
/DQJXDJH LQIOXHQFHV RQ QXPEHU SURFHVVLQJ
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$OFRFN $QVDUL %DWFKHORU HW DO 
,OOXVWUDWLYH 5HVHDUFK )RFL1HXUR3V\FK(GX&RXQWU\3DUWLFLSDQW
;;)LQODQG0LQQD +DQQXOD6RUPXQHQ (DUO\ QXPHULFDO GHYHORSPHQW
6SRQWDQHRXV IRFXVLQJ RQ QXPHURVLW\ DQG TXDQWLWDWLYH UHODWLRQV
/HDUQLQJ HQYLURQPHQWV IRU HDUO\ QXPHUDF\ DQG IOH[LEOH DULWKPHWLF VNLOOV
;8.-HUHP\ +RGJHQ /HDUQLQJ LQWHUYHQWLRQV LQ VFKRRO PDWKHPDWLFV
(GXFDWLRQDO VWDQGDUGV RYHU WLPH
3RVWFRPSXOVRU\ PDWKHPDWLFV SDUWLFLSDWLRQ
;;8.0DWWKHZ ,QJOLV 0DWKHPDWLFDO SUREOHP VROYLQJ DQG UHDVRQLQJ GHYHORSPHQW
([SHUW PDWKHPDWLFDO SUDFWLFH
7KH $SSUR[LPDWH 1XPEHU 6\VWHP
;8.,DQ -RQHV $VVHVVLQJ PDWKHPDWLFDO XQGHUVWDQGLQJ
&KLOGUHQ¶V XQGHUVWDQGLQJ RI HTXLYDOHQFH
6WXGHQWV¶ XQGHUVWDQGLQJ DQG SURJUHVVLRQ LQ VFKRRO PDWKHPDWLFV
;;86$0LFKqOH 0D]]RFFR ,QGLYLGXDO GLIIHUHQFHV LQ PDWKHPDWLFDO FRJQLWLRQ
7KH GHYHORSPHQW RI HDUO\ QXPEHU FRQFHSWV
0DWKHPDWLFV OHDUQLQJ GLIILFXOWLHV G\VFDOFXOLD
;86$1LFROH 0F1HLO 2SWLPLVLQJ LQSXW WR IDFLOLWDWH FKLOGUHQ¶V XQGHUVWDQGLQJV RI NH\ PDWKHPDWLFDO FRQFHSWV
%HQHILWV DQG GLVDGYDQWDJHV RI FRQFUHWH DQG DEVWUDFW UHSUHVHQWDWLRQV
3UHGLFWLQJ LQGLYLGXDO GLIIHUHQFHV LQ HDUO\ PDWKHPDWLFDO DFKLHYHPHQW
;*HUPDQ\0LFKDHO 6FKQHLGHU 'HYHORSPHQW RI FRQFHSWXDO DQG SURFHGXUDO NQRZOHGJH
&RQFHSWXDO FKDQJH
1XPHULFDO PDJQLWXGH SURFHVVLQJ
;8.9LFWRULD 6LPPV 'LVRUGHUHG PDWKHPDWLFDO FRJQLWLRQ
(VWLPDWLRQ VNLOOV DQG WKHLU LPSDFW RQ PDWKHPDWLFDO GHYHORSPHQW
*HQHUDO FRJQLWLYH IDFWRUV LQIOXHQFLQJ PDWKHPDWLFDO FRJQLWLRQ
;86$.HLWK :HEHU 0DWKHPDWLFDO UHDVRQLQJ
8QGHUJUDGXDWH PDWKHPDWLFV HGXFDWLRQ
&RQVWUXFWLRQ DQG FRPSUHKHQVLRQ RI PDWKHPDWLFDO SURRIV
1RWH (GX  (GXFDWLRQ 3V\FK  3V\FKRORJ\ 1HXUR  1HXURVFLHQFH
:LWK WKH SDUWLFLSDQWV LQ SODFH WKH TXHVWLRQV WKDW IRUP WKH FRUH RI WKLV SDSHU ZHUH JHQHUDWHG LQ VL[ VWDJHV 6WDJHV
 DQG  ZHUH FRPSOHWHG RQOLQH 6WDJHV  WR  RFFXUUHG DW WKH FRQIHUHQFH DQG 6WDJH  WRRN SODFH DIWHU WKH PHHWLQJ
,Q 6WDJH  DOO SDUWLFLSDQWV ZHUH LQYLWHG WR GUDZ XS D OLVW RI UHVHDUFK TXHVWLRQV IRU ZKLFK DQVZHUV ZRXOG VLJQLILFDQWO\
DGYDQFH RXU XQGHUVWDQGLQJ RI PDWKHPDWLFDO FRJQLWLRQ 7KH\ ZHUH HQFRXUDJHG WR GUDZ RQ WKHLU RZQ ZRUN DQG WKDW
RI WKHLU EURDGHU GLVFLSOLQH DV ZHOO DV WKHLU NQRZOHGJH RI FODVVLF SUREOHPV RU UHFHQW GHYHORSPHQWV WKH\ ZHUH DOVR
HQFRXUDJHG WR VROLFLW LQSXW IURP FROOHDJXHV DQG FRQWDFWV 7KH WHDP RI RUJDQLVHUV FROODWHG WKHVH TXHVWLRQV DPDO
JDPDWHG RU UHPRYHG GXSOLFDWHV DQG RUJDQLVHG WKH UHVXOWLQJ  TXHVWLRQV LQWR WKHPHV ,Q 6WDJH  WKHVH TXHVWLRQV
ZHUH DQRQ\PLVHG DQG PDGH DYDLODEOH LQ DQ RQOLQH VXUYH\ YLD ZKLFK DOO SDUWLFLSDQWV ZHUH LQYLWHG WR UDWH DOO TXHVWLRQV
RQ D VFDOH RI  ORZ WR  KLJK DFFRUGLQJ WR WKHLU LPSRUWDQFH IRU DGYDQFLQJ WKH ILHOG 7KH RULJLQDO TXHVWLRQV DQG
RULJLQDO DQG VXPPDULVHG UDQNLQJV DUH DYDLODEOH DV 6XSSOHPHQWDU\ 0DWHULDO $IWHU WKH VXUYH\ WKH  TXHVWLRQV
ZLWK D PHGLDQ VFRUH RI  RU KLJKHU ZHUH UHWDLQHG IRU WKH FRQIHUHQFH VWDJHV
$W WKH FRQIHUHQFH 6WDJHV   DQG  RI WKH TXHVWLRQ ZLQQRZLQJ DQG UHILQHPHQW SURFHVV ZHUH FRPSOHWHG 'HOHJDWHV
ZHUH DVNHG WR EDVH WKHLU TXHVWLRQ VHOHFWLRQ DQG UHILQHPHQW RQ FULWHULD GUDZQ IURP 6XWKHUODQG HW DO  VWDWLQJ
WKDW WKH HYHQWXDO TXHVWLRQV VKRXOG
 DGGUHVV DQ LPSRUWDQW JDS LQ NQRZOHGJH
 EH IRUPXODWHG VSHFLILFDOO\ QRW DV D JHQHUDO WRSLF DUHD
 EH FOHDU ZKHUH DSSURSULDWH DERXW VSHFLILF LQWHUYHQWLRQV DQG RXWFRPH PHDVXUHV
 EH DQVZHUDEOH VSHFLILFDOO\ QRW E\ µLW DOO GHSHQGV¶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&KDOOHQJHV LQ 0DWKHPDWLFDO &RJQLWLRQ 
 KDYH D IDFWXDO DQVZHU WKDW GRHV QRW GHSHQG RQ YDOXH MXGJHPHQWV
 EH DQVZHUDEOH WKURXJK D UHDOLVWLF UHVHDUFK GHVLJQ
 EH RI D VFRSH WKDW FRXOG UHDVRQDEO\ EH DGGUHVVHG E\ D UHVHDUFK WHDP
)RU 6WDJH  GHOHJDWHV ZHUH DVVLJQHG WR VXEJURXSV RI WKUHH RU IRXU SDUWLFLSDQWV UHSUHVHQWLQJ WKH YDULHW\ RI UHVHDUFK
EDFNJURXQGV SUHVHQW DFURVV WKH DVVHPEO\ RI  6XIILFLHQW WLPH ZDV SURYLGHG IRU PHPEHUV RI WKH PL[HG JURXSV
WR GLVFXVV DOO WKH TXHVWLRQV QRWLQJ DPELJXLWLHV DQG VXJJHVWLQJ LQLWLDO UHSKUDVLQJV )RU 6WDJH  GHOHJDWHV ZHUH
DVVLJQHG WR WRSLF JURXSV FRPSRVHG RI IRXU RU ILYH SDUWLFLSDQWV ZKHUH WKH WRSLFV ZHUH QDPHG QXPHULFDO UHSUHVHQW
DWLRQV DQG GHYHORSPHQWDO G\VFDOFXOLD FRJQLWLYH IDFWRUV EH\RQG EDVLF UHSUHVHQWDWLRQV DQG EH\RQG EDVLF QXPHUDF\
7KH WRSLF JURXSV ZHUH WDVNHG ZLWK UHGXFLQJ WKHLU UHVSHFWLYH TXHVWLRQ OLVWV E\ KDOI DQG ZLWK UHZULWLQJ TXHVWLRQV
ZKHUH DSSURSULDWH WR UHGXFH DPELJXLW\ RU GXSOLFDWLRQ DQG WR HQVXUH WKDW WKH TXHVWLRQV PHW WKH DIRUHPHQWLRQHG
LQFOXVLRQ FULWHULD )RU 6WDJH  DOO  SDUWLFLSDQWV UHFRQYHQHG DQG UHYLHZHG WKH UHPDLQLQJ OLVWV $W WKLV VWDJH IXUWKHU
UHILQHPHQWV WR ZRUGLQJ ZHUH VXJJHVWHG DQG TXHVWLRQV WKDW DSSHDUHG HVVHQWLDOO\ HTXLYDOHQW DFURVV WZR RI WKH OLVWV
ZHUH FRPELQHG :H QRWH WKDW WKH GLVFXVVLRQV ZHUH H[WUHPHO\ FRQVWUXFWLYH WKURXJKRXW DQG ZH IRXQG WKDW RXU
FRQFHSWLRQV RI NH\ FRQVWUXFWV DQG LVVXHV LQ OHDUQLQJ ZHUH UHPDUNDEO\ VLPLODU 5HVROYLQJ GLIIHUHQFHV ZDV WKHUHIRUH
ODUJHO\ D PDWWHU RI VHWWOLQJ RQ WHUPLQRORJ\ WKDW GLG QRW HYRNH XQLQWHQGHG LGHDV RU DVVXPSWLRQV IRU DQ\ RQH JURXS
6WDJH  WRRN SODFH DIWHU WKH FRQIHUHQFH :H ZHUH FRQVFLRXV WKDW WKH DVVLJQPHQW RI GHOHJDWHV WR WRSLF JURXSV
QHFHVVDULO\ VWUDWLILHG WKH TXHVWLRQV E\ WKH HGXFDWLRQDO VWDJH RI WKHLU W\SLFDO UHVHDUFK SDUWLFLSDQWV 7KXV WKH TXHVWLRQ
OLVWV ZHUH PHUJHG DQG ZHUH VHQW WR WKH QRQDWWHQGLQJ SDUWLFLSDQW IRU VRUWLQJ LQWR VPDOOHU JURXSV ZLWKRXW WKLV UHVWULF
WLRQ 7KH RXWFRPH JURXSHG WKH TXHVWLRQV LQ D ZD\ WKDW IRFXVHG RQ FRQFHSWXDO UHODWLRQVKLSV UDWKHU WKDQ HGXFDWLRQDO
VWDJH WKHVH JURXSV RI TXHVWLRQV DSSHDU LQ WKH 5HVXOWV VHFWLRQ
5HVXOWV 5HVHDUFK 4XHVWLRQV
:H SUHVHQW WKH UHVXOWV RI WKH H[HUFLVH LQ WZR VHFWLRQV ,Q WKH ILUVW VHFWLRQ ZH OLVW WKH JURXSV RI TXHVWLRQV WKDW
HPHUJHG IURP 6WDJH  DV GHVFULEHG DERYH HDFK JURXS ODEHOHG $) LV DFFRPSDQLHG E\ D EULHI FRPPHQWDU\
:H SUHVHQW WKH TXHVWLRQV LQ JHQHULF IRUPV UDWKHU WKDQ IURP WKH SHUVSHFWLYHV RI DQ\ VSHFLILF WKHRUHWLFDO IUDPHZRUNV
EHFDXVH HDFK PLJKW SURILWDEO\ EH DGGUHVVHG XVLQJ PXOWLSOH IUDPHZRUNV DV LV UHIOHFWHG LQ WKH ILHOG :KHUH WKHUH
KDYH EHHQ UHFHQW GHYHORSPHQWV LQ FRPSHWLQJ WKHRULHV ZH HQGHDYRXU WR GUDZ DWWHQWLRQ WR WKHVH ,Q WKH VHFRQG
VHFWLRQ ZH WDNH WZR VXEJURXSV RI TXHVWLRQV ± WKRVH RQ WKH QDWXUH RI PDWKHPDWLFDO WKLQNLQJ DQG WKRVH RQ GHYHO
RSPHQWDO WUDMHFWRULHV DQG WKHLU LQWHUDFWLRQV ± DQG RIIHU PRUH GHWDLOHG FULWLFDO UHYLHZ RI UHFHQW GHYHORSPHQWV LQ
WKHVH DUHDV :H WDNH WKLV DSSURDFK EHFDXVH LW HQDEOHV XV QRW RQO\ WR LOOXVWUDWH WKH UDQJH RI ZRUN WDNLQJ SODFH
DFURVV UHVHDUFK LQ PDWKHPDWLFDO FRJQLWLRQ EXW DOVR WR GLVFXVV WKH UHODWLYH PDWXULW\ RI GLIIHUHQW SDUWV RI WKH ILHOG
WKHUHE\ KLJKOLJKWLQJ WKH VKLIWLQJ WKHRUHWLFDO DQG PHWKRGRORJLFDO GHPDQGV WKDW DULVH DV UHVHDUFK DUHDV GHYHORS
$ (OXFLGDWLQJ WKH 1DWXUH RI 0DWKHPDWLFDO 7KLQNLQJ
 'R LQIDQWV UHDOO\ KDYH D µVHQVH RI QXPEHU¶ RU DUH WKH\ PHUHO\ VHQVLWLYH WR TXDQWLWDWLYH GLPHQVLRQV"
 +RZ GR IHHOLQJV RI FRUUHFWQHVV RU GRXEW DULVH ZKHQ SHRSOH DUH GRLQJ PDWKHPDWLFV DQG KRZ GR WKH\
LQIOXHQFH PDWKHPDWLFDO UHDVRQLQJ DQG UHVSRQVH WR LQVWUXFWLRQ"
 :KDW VWUDWHJLHV GR H[SHUWV DQG VWXGHQWV XVH ZKHQ HYDOXDWLQJ ZKHWKHU D PDWKHPDWLFDO DVVHUWLRQ LV WUXH RU
IDOVH"
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$OFRFN $QVDUL %DWFKHORU HW DO 
 :KDW PDWKHPDWLFDO FRJQLWLRQ GR H[SHUWV XVH LQ WKHLU SUDFWLFH DQG ZKDW PHWKRGV FDQ UHVHDUFKHUV XVH WR
SURYLGH DQ DFFXUDWH SRUWUD\DO RI WKLV"
7KHVH TXHVWLRQV UHIOHFW WKH DPELWLRXV ORQJWHUP JRDO RI XQGHUVWDQGLQJ PDWKHPDWLFDO FRJQLWLRQ IURP LQIDQF\ WR
PDWXUH H[SHUWLVH &ROOHFWLYHO\ WKH\ DGGUHVV WKH FRQWULEXWLRQ RI QDWLYLVW WKHRULHV LQ SURSRVLQJ IRXQGDWLRQDO ³QXPEHU
VHQVH´ FDSDFLWLHV VHHQ LQ QHDUO\ DOO KXPDQ LQIDQWV HJ )HLJHQVRQ 'HKDHQH 	 6SHONH  *HDU\  WKH
PDWXUH VWDWH RI UHILQHG IRUPDO FRJQLWLYH FDSDELOLWLHV DVVRFLDWHG ZLWK KLJKO\ VXFFHVVIXO PDWKHPDWLFLDQV :HEHU
,QJOLV 	0HMtD5DPRV  DQG WKH DV\HW XQH[SODLQHGPHFKDQLVPV WKDW OLQN WKH WZR $OWKRXJK LQGLYLGXDO UHVHDUFK
VWXGLHV QHFHVVDULO\ IRFXV RQ D UHODWLYHO\ QDUURZ SDUW RI WKLV VSHFWUXP SDUWLFLSDQWV LQ WKH H[HUFLVH UHFRJQLVHG WKH
LPSRUWDQFH RI ZRUNLQJ WRZDUGV DQ HPSLULFDOO\ HYLGHQFHG XQGHUVWDQGLQJ RI PDWKHPDWLFDO FRJQLWLRQ WKDW DFFXUDWHO\
FDSWXUHV HIIHFWLYH PDWKHPDWLFDO UHDVRQLQJ WKDW SURYLGHV UHOLDEOH ZD\V RI GLDJQRVLQJ DW\SLFDO GHYHORSPHQW DQG
WKDW LV VSHFLILF HQRXJK WR EH OHYHUDJHG IRU WKH GHVLJQ RI LQWHUYHQWLRQV ,Q WKH &ULWLFDO 5HYLHZ VHFWLRQ WR IROORZ ZH
GLVFXVV WKH PHWKRGRORJLFDO FKDOOHQJHV DVVRFLDWHG ZLWK VWXG\LQJ H[SHUWLVH LQ SDUWLFXODU
% 0DSSLQJ 3UHGLFWRUV DQG 3URFHVVHV RI &RPSHWHQFH 'HYHORSPHQW
 +RZ GR FKLOGUHQ OHDUQ WKH PHDQLQJ RI QRQLFRQLF UHSUHVHQWDWLRQV RI QXPEHU"
 :KDW DUH WKH NH\ PDWKHPDWLFDO FRQFHSWV DQG VNLOOV WKDW FKLOGUHQ VKRXOG KDYH LQ SODFH SULRU WR WKH VWDUW RI
FRPSXOVRU\ HGXFDWLRQ"
 'R FDXVDO PHFKDQLVPV XQGHUOLH WKH FRUUHODWLRQDO HYLGHQFH EHWZHHQ GRPDLQVSHFLILF IRXQGDWLRQDO
FRPSHWHQFLHV HJ WKH $SSUR[LPDWH 1XPEHU 6\VWHP DQG PDWKHPDWLFV SHUIRUPDQFH" :KDW DUH UHOLDEOH
HDUO\ DQG ODWHU ORQJLWXGLQDO SUHGLFWRUV RI WKH GHYHORSPHQW RI QXPEHU VNLOOV DULWKPHWLF DQG RWKHU DVSHFWV RI
PDWKHPDWLFV" 7KHVH PLJKW LQFOXGH
D GRPDLQ VSHFLILF IDFWRUV
E GRPDLQ JHQHUDO IDFWRUV ZRUNLQJ PHPRU\ H[HFXWLYH IXQFWLRQV ODQJXDJH VSDWLDO VNLOOV
F QRQFRJQLWLYH IDFWRUV PRWLYDWLRQ DQ[LHW\
G HQYLURQPHQWDO IDFWRUV KRPH VFKRRO RXWVLGH RI VFKRRO OHDUQLQJ HDUO\ HGXFDWLRQ
 :KDW DUH WKH LQWHUDFWLRQV DPRQJVW WKHVH SUHGLFWRUV"
 :KDW DUH WKH GLUHFWLRQV RI DVVRFLDWLRQV"
7KHVH TXHVWLRQV DUH PRWLYDWHG E\ FRQFHUQV DERXW WKH ODUJH SURSRUWLRQ RI LQGLYLGXDOV RI DOO DJHV ZKRVH DFKLHYHPHQW
LQ PDWKHPDWLFV LV FRQVLGHUHG LQDGHTXDWH UHODWLYH WR VWDQGDUGV RU FULWHULD VSHFLILHG E\ JRYHUQPHQWV RU UHODWHG
DJHQFLHV &RPSDUHG ZLWK WKH TXHVWLRQV LQ 6HW $ WKH\ DUH PRUH VSHFLILF LQ VHYHUDO ZD\V )LUVW WKH\ H[SOLFLWO\ DF
NQRZOHGJH WKDW ERWK W\SLFDO DQG DW\SLFDO PDWKHPDWLFDO GHYHORSPHQW PLJKW EH LQIOXHQFHG E\ D ZLGH UDQJH RI HQYLU
RQPHQWDO DQG DIIHFWLYH IDFWRUV DV ZHOO DV E\ GRPDLQVSHFLILF DQG GRPDLQJHQHUDO FRJQLWLYH FRPSHWHQFHV $V
VXFK LW LV QHFHVVDU\ WR FRQVLGHU WKH IXOO UDQJH RI LQIOXHQFHV DQG WKH ZD\V LQ ZKLFK ZH PHDVXUH WKHVH EHFDXVH
VXFK IDFWRUV PLJKW LQWHUDFW LQ FRPSOH[ ZD\V 0RUHRYHU WKH QDWXUH RI WKHVH LQWHUDFWLRQV PLJKW YDU\ DFURVV SHULRGV
RI GHYHORSPHQW 7KLV LVVXH EHFRPHV PRUH VDOLHQW DV DSSDUHQW LQFRQVLVWHQFLHV DFURVV UHVHDUFK VWXGLHV FRPH WR
OLJKW DV LOOXVWUDWHG E\ VWXGLHV RI WKH $SSUR[LPDWH 1XPEHU 6\VWHP $16 DQG IRUPDO QXPHULFDO VNLOOV 'H 6PHGW
1RsO *LOPRUH 	 $QVDUL  *LOPRUH HW DO  7KH WLPH LV ULSH IRU VWXGLHV GHVLJQHG WR GLVHQWDQJOH WKH HIIHFWV
RI GLIIHUHQW SUHGLFWRUV DQG WR PDS SDWWHUQV RI GHYHORSPHQW DQG VXFK VWXGLHV DUH EHJLQQLQJ WR EH UHSRUWHG )XFKV
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&KDOOHQJHV LQ 0DWKHPDWLFDO &RJQLWLRQ 
HW DO  *|EHO :DWVRQ /HUYnJ 	 +XOPH  .OLEDQRII /HYLQH +XWWHQORFKHU 9DVLO\HYD 	 +HGJHV 
0D]]RFFR )HLJHQVRQ 	 +DOEHUGD 
& &KDUWLQJ 'HYHORSPHQWDO 7UDMHFWRULHV DQG 7KHLU ,QWHUDFWLRQV
 $UH WKHUH DOWHUQDWLYH FRJQLWLYH SDWKZD\V E\ ZKLFK RQH FDQ EH D VXFFHVVIXO PDWKHPDWLFV VWXGHQW" ,I \HV
ZKDW GRHV WKLV LPSO\ IRU W\SLFDO UHVHDUFK PHWKRGV XVHG E\ PDWKHPDWLFDO FRJQLWLRQ UHVHDUFKHUV"
 +RZ DUH GLIIHUHQW PDWKHPDWLFDO VNLOOV LQFOXGLQJ UHSUHVHQWLQJ QXPEHU FRXQWLQJ SHUIRUPLQJ DULWKPHWLF
XVLQJ IUDFWLRQV DQG WKHLU GHYHORSPHQWDO WUDMHFWRULHV UHODWHG WR HDFK RWKHU"
 ,V GHYHORSPHQWDO G\VFDOFXOLD TXDOLWDWLYHO\ GLIIHUHQW IURP DULWKPHWLF SHUIRUPDQFH DW WKH ORZHU HQG RI WKH
QRUPDO GLVWULEXWLRQ"
 $V ZH EXLOG FDXVDO PRGHOV RI SDWKZD\V WR PDWKHPDWLFV OHDUQLQJ DQG WKLQNLQJ ZKDW PRGHOV HPHUJH IRU
FRPSHQVDWRU\ PHFKDQLVPV ± FRJQLWLYH VNLOOV RU DELOLWLHV WKDW DOORZ LQGLYLGXDOV WR RYHUFRPH VKRUWFRPLQJV
LQ IRXQGDWLRQDO VNLOOV DQG WKDW FRQWULEXWH WR SDWWHUQV RI EHKDYLRXUV"
7KH TXHVWLRQV LQ 6HW % DFNQRZOHGJH WKH FRQWLQXXP RI W\SLFDO DQG DW\SLFDO GHYHORSPHQW EXW WKHUH LV QR UHDVRQ
WR SUHVXPH WKDW SDWKZD\V WR PDWKHPDWLFDO XQGHUVWDQGLQJ DUH KRPRJHQHRXV DPRQJ DOO FKLOGUHQ ZKRVH SDWK LV
FRQVLGHUHG HLWKHU ³W\SLFDO´ RU ³DW\SLFDO´ LQ ERWK VFHQDULRV LQGLYLGXDO GLIIHUHQFHV DUH OLNHO\ *HDU\  .DXIPDQQ
HW DO  UHVSHFWLYHO\ 7KH TXHVWLRQV LQ 6HW & WKXV FRQVLGHU KRZ UHVHDUFK PLJKW FDSWXUH YDULDWLRQV LQ PDWK
HPDWLFDO OHDUQLQJ 7KH\ DUH SDUWLFXODUO\ SHUWLQHQW IRU UHVHDUFKHUV FRQVLGHULQJ FRJQLWLRQ DERXW PDWKHPDWLFDO FRQFHSWV
EH\RQG EDVLF DULWKPHWLF EHFDXVH HDUOLHU SRLQWV QRWZLWKVWDQGLQJ HDUO\ QXPEHU DQG EDVLF DULWKPHWLF KDYH EHHQ
FRPSDUDWLYHO\ ZHOO VWXGLHG 7KLV LV SDUWO\ EHFDXVH DULWKPHWLF FRQFHSWV SURYLGH D FOHDQ FRQWH[W IRU VHWWLQJ DQG
HYDOXDWLQJ SHUIRUPDQFH RQ D UHVWULFWHG VHW RI SUREOHPV ZLWK GHILQLWH ULJKW DQG ZURQJ DQVZHUV PHDQLQJ WKDW WKHVH
FRQFHSWV SURYLGH D VHQVLEOH VHWWLQJ IRU LQYHVWLJDWLQJ PRUH JHQHUDO FRJQLWLYH SURFHVVHV HJ VWUDWHJ\ XVH IRU
ZKLFK VHH 6LHJOHU  :X HW DO  JHVWXUH IRU ZKLFK VHH *ROGLQ0HDGRZ :DJQHU &RRN 	 0LWFKHOO 
7KH\ DUH DOVR DPHQDEOH WR LQYHVWLJDWLRQ LQ WKH VHQVH WKDW UHVHDUFK KDV LGHQWLILHG D IDLUO\ UHVWULFWHG QXPEHU RI
VWUDWHJLHV WKDW D VWXGHQW PLJKW XVH WR VROYH IRU LQVWDQFH D VLQJOHGLJLW DGGLWLRQ SUREOHP %XW PDWKHPDWLFV DV D
ZKROH KDV D KLHUDUFKLFDO VWUXFWXUH WKDW EXLOGV UDSLGO\ WKURXJK PDQ\ OHYHOV RI DEVWUDFWLRQ $W HYHU\ OHYHO LW PLJKW
EH SRVVLEOH WR H[SODLQ OHDUQLQJ QRW RQO\ LQ WHUPV RI ZKDW VWXGHQWV ODFN ±PDWXUH ZRUNLQJPHPRU\ V\VWHPV SURILFLHQF\
ZLWK EDVLF DULWKPHWLF IDFWV ± EXW DOVR LQ WHUPV RI ZKDW WKH\ DOUHDG\ NQRZ SUHYLRXV NQRZOHGJH FDQ LQWHUIHUH ZLWK
WKH OHDUQLQJ RI KLJKHUOHYHO LGHDV HJ 0F1HLO  5HVHDUFKHUV KDYH GHYHORSHG SRFNHWV RI NQRZOHGJH DERXW
KRZ WKLV PLJKW SOD\ RXW HJ WKH QDWXUDO QXPEHU ELDV DV GLVFXVVHG E\ 9DQ +RRI /LMQHQ 9HUVFKDIIHO 	 9DQ
'RRUHQ  %XW NQRZOHGJH GHYHORSPHQW LV FXUUHQWO\ XQGHUVWRRG RQO\ LQ VLQJOH VWHSV LQ ZKLFK D SDUWLFXODU H[
LVWLQJ FRQFHSWLRQ LV NQRZQ WR LQIOXHQFH LQWHUSUHWDWLRQV RI D QHZ FRQFHSW ± ZH NQRZ YHU\ OLWWOH DERXW ORQJLWXGLQDO
GHYHORSPHQW LQ PDWKHPDWLFDO FRJQLWLRQ DQG WKH TXHVWLRQV LQ WKLV VHFWLRQ UHIOHFW WKLV
' )RVWHULQJ &RQFHSWXDO 8QGHUVWDQGLQJ DQG 3URFHGXUDO 6NLOO
 +RZ FDQ HGXFDWRUV HIIHFWLYHO\ FDSLWDOLVH RQ LQIRUPDO PDWKHPDWLFDO NQRZOHGJH ZKHQ WHDFKLQJPDWKHPDWLFDO
FRQFHSWV"
 +RZ FDQ LQVWUXFWLRQ KHOS VWXGHQWV WR LGHQWLI\ QRUPDWLYHO\YDOXHG VLPLODULWLHV EHWZHHQPDWKHPDWLFDO GRPDLQV
SUREOHPV UHSUHVHQWDWLRQV DQG VLWXDWLRQV"
 +RZ FDQ ZH KHOS FKLOGUHQ GHYHORS IOXHQF\ ZLWK EDVLF IDFWV DQG VNLOOV ZKLOH VWLOO SURPRWLQJ XQGHUVWDQGLQJ
RI WKH XQGHUO\LQJ FRQFHSWV"
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$OFRFN $QVDUL %DWFKHORU HW DO 
 +RZ FDQ ZH WHDFKOHDUQ VR WKDW XVHIXO PDWKHPDWLFDO NQRZOHGJH JHWV DXWRPDWHG ZKLOH DOVR SURPRWLQJ
XQGHUVWDQGLQJ RI WKH XQGHUO\LQJ FRQFHSWV"
 )RU VSHFLILF FRQFHSWV ZKLFK VWXGHQWV SURILW IURP GLIIHUHQW VHTXHQFHV RI H[SRVXUH WR PRUH DQG OHVV FRQFUHWH
UHSUHVHQWDWLRQV"
0DWKHPDWLFDO WKLQNLQJ GRHV QRW HPHUJH LQ D YDFXXP %\ GHILQLWLRQ HPHUJHQFH RI IRUPDO PDWKHPDWLFV UHTXLUHV
LQVWUXFWLRQDO LQSXW EXW ZKDW IRUP VKRXOG WKLV LQVWUXFWLRQ WDNH" 7KH TXHVWLRQV LQ 6HW ' VLW DW WKH KHDUW RI D GLVWLQFWLRQ
WKDW FDXVHV FRQVWHUQDWLRQ DQG FRQWURYHUV\ 6WXGHQWV DW DOO OHYHOV PXVW GHYHORS SURFHGXUDO IOXHQF\ VR WKDW WKH\
FDQ HIILFLHQWO\ H[HFXWH VWDQGDUG PDQLSXODWLRQV DQG FRQFHSWXDO XQGHUVWDQGLQJ VR WKDW WKH\ FDQ LGHQWLI\ DQG ZRUN
HIIHFWLYHO\ ZLWK PDWKHPDWLFDO VWUXFWXUHV WKDW DULVH LQ D YDULHW\ RI VLWXDWLRQV .LOSDWULFN 6ZDIIRUG 	 )LQGHOO 
7KH IXQGDPHQWDO GLVWLQFWLRQ EHWZHHQ WKH WZR LV FRQFHSWXDOLVHG LQ YDULRXV JXLVHV DQG WHUPLQRORJLHV LQ ERWK HGX
FDWLRQ 6NHPS  6WDU  DQG SV\FKRORJ\ 5LWWOH-RKQVRQ 	 6FKQHLGHU  DQG WKH DSSDUHQW WHQVLRQ
PDQLIHVWV LWVHOI PRVW GUDPDWLFDOO\ LQ WKH VRFDOOHG ³PDWK ZDUV´ 6FKRHQIHOG  ZKLFK FRQWUDVW ³EDFN WR EDVLFV´
PRYHPHQWV DGYRFDWLQJ GULOO DQG SUDFWLFH ± LQWHQGHG WR GHYHORS IDFWXDO NQRZOHGJH DQG SURFHGXUDO IOXHQF\ ± ZLWK
SURJUDPPHV GHVLJQHG WR IRVWHU FRQFHSWXDO XQGHUVWDQGLQJ E\ SURYLGLQJ PDWKHPDWLFDO OHDUQLQJ VLWXDWLRQV WKDW DUH
SHUVRQDOO\ PHDQLQJIXO WR WKH VWXGHQW *UDYHPHLMHU  9DQ GHQ +HXYHO3DQKXL]HQ  $ VLPLODU WHQVLRQ
DOVR DSSHDUV LQ D PRUH PRGHUDWH JXLVH LQ SURJUDPPHV GHVLJQHG WR WHVW WKH UHODWLYH HIILFDF\ RI OHDUQLQJ YLD FRQFUHWH
RU DEVWUDFW UHSUHVHQWDWLRQV 'H %RFN 'HSUH] 9DQ 'RRUHQ 5RHOHQV 	 9HUVFKDIIHO  .DPLQVNL 6ORXWVN\ 	
+HFNOHU  ,I RQH RI WKHVH DSSURDFKHV ZHUH WUXO\ VXSHULRU LQ D VWUDLJKWIRUZDUG ZD\ WKHQ ZH ZRXOG VXUHO\ E\
QRZ KDYH FRQFOXVLYH HYLGHQFH RI WKLV VR LW VHHPV OLNHO\ WKDW SURJUHVV ZLOO EH PDGH E\ DVNLQJ QRW DERXW WKH H[WUHPHV
RI WKH GLFKRWRP\ EXW DERXW WKH VSHFLILF LPSOHPHQWDWLRQ DQG FRPELQDWLRQ RI GLIIHUHQW W\SHV RI OHDUQLQJ H[SHULHQFH
$V LQGLFDWHG E\ WKH TXHVWLRQV LQ WKLV VHFWLRQ WKHUH LV PXFK SRWHQWLDO IRU GHYHORSLQJ DQG WHVWLQJ VSHFLILF LQVWUXFWLRQDO
VHTXHQFHV
( 'HVLJQLQJ (IIHFWLYH ,QWHUYHQWLRQV
 :KLFK GRPDLQVSHFLILF IRXQGDWLRQDO FRPSHWHQFLHV DUH PRVW PDOOHDEOH DQG ZKHQ LQ GHYHORSPHQWDO WLPH"
$QG GRHV WKHLU PDOOHDELOLW\ LPSDFW RQ RWKHU DVSHFWV RI PDWKHPDWLFDO SHUIRUPDQFH"
 :KDW DUH WKH IHDWXUHV LQFOXGLQJ FRQWHQW RI LQWHUYHQWLRQ RU LQVWUXFWLRQ DQG FKDUDFWHULVWLFV RI FKLOGUHQ RI
FXUUHQW VXFFHVVIXO LQWHUYHQWLRQV DQG LQVWUXFWLRQ"
 :KDW FRQFHSWV DQG VNLOOV QHHG WR EH LQ SODFH IRU VXFFHVV LQ DOJHEUD KRZ DUH WKHVH WUHDWHG LQ GLIIHUHQW
FXUULFXOD DQG ZKDW OHDUQLQJ RXWFRPHV UHVXOW LI WKHVH WUHDWPHQWV DQG WKHLU VHTXHQFLQJ DUH H[SHULPHQWDOO\
FRPSDUHG"
 :KDW DUH WKH PRVW HIIHFWLYH LQWHUYHQWLRQV IRU FKLOGUHQ ZLWK G\VFDOFXOLD ZKHQ LV WKH EHVW WLPH IRU LQWHUYHQWLRQ
DQG ZKLFK IDFWRUV EHVW SUHGLFW WKH UHVSRQVH WR LQWHUYHQWLRQ"
7KHVH TXHVWLRQV DGGUHVV LVVXHV DOUHDG\ UDLVHG EXW LQ D PRUH SUDFWLFDO ZD\ 7KH\ IRFXV RQ WKH QXDQFHV RI DSSOLHG
VHWWLQJV UHFRJQLVLQJ WKDW WKH HIIHFWLYHQHVV RI DQ\ JLYHQ LQWHUYHQWLRQ PLJKW GHSHQG XSRQ FKDUDFWHULVWLFV RI WKH LQ
GLYLGXDOV IRU ZKRP LW LV LQWHQGHG 7KH TXHVWLRQV DOVR KLJKOLJKW WKH WZRZD\ UHODWLRQVKLS EHWZHHQ WKHRUHWLFDO GHYHO
RSPHQW DQG H[SHULPHQWDO WHVWLQJ E\ LQWHUFHGLQJ ZLWK DQ LQWHUYHQWLRQ EDVHG RQ WKHRUHWLFDO SURSRVLWLRQV DERXW WKH
FDXVHV RI PDWKHPDWLFDO HUURUV DQG GLIILFXOWLHV UHVHDUFKHUV WHVW ERWK WKH LQWHUYHQWLRQ DQG WKH XQGHUO\LQJ WKHRUHWLFDO
SURSRVLWLRQV ,W LV WKHUHIRUH HQFRXUDJLQJ WKDW HIIHFWLYH LQWHUYHQWLRQV GR H[LVW DQG KDYH EHHQ WHVWHG DW VFDOH 6RPH
RI WKHVH KDYH EHHQ GHVLJQHG WR DOORZ IRU LQGLYLGXDO GLIIHUHQFHV DPRQJ VWXGHQWV ZKR DUH IDOOLQJ VHULRXVO\ EHKLQG
E\ WDLORULQJ UHVHDUFKEDVHG LQWHUYHQWLRQV WR LQGLYLGXDOV DIWHU GHWDLOHG GLDJQRVHV +ROPHV 	 'RZNHU  7RUJHUVRQ
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&KDOOHQJHV LQ 0DWKHPDWLFDO &RJQLWLRQ 
HW DO  2WKHUV KDYH EHHQ GHVLJQHG WR FKDQJH LQVWUXFWLRQ LQ RUGLQDU\ FODVVURRPV E\ UHGXFLQJ XQKHOSIXO
UHJXODULWLHV LQ WHDFKLQJ PDWHULDOV DQG E\ GHOLEHUDWHO\ GHVLJQLQJ DFWLYLWLHV WKDW KDYH GHPRQVWUDEOH SRVLWLYH HIIHFWV
0F1HLO )\IH 	 'XQZLGGLH  6XFK LQWHUYHQWLRQV VR IDU KDYH EHHQ SULPDULO\ GLUHFWHG DW FRPSDUDWLYHO\ \RXQJ
FKLOGUHQ ZKLFK LV QDWXUDO GXH WR OHYHOV RI UHVHDUFKEDVHG NQRZOHGJH DQG WR VHULRXV FRQFHUQV DERXW WKH FXOWXUDO
DQG HFRQRPLF LPSOLFDWLRQV RI FKLOGUHQ IDOOLQJ EHKLQG DW HDUO\ HGXFDWLRQDO VWDJHV %XW WKH IRUPV RI VXFK LQWHUYHQWLRQV
ZKHQ FRPELQHG ZLWK ORFDOLVHG NQRZOHGJH DERXW W\SLFDO XQGHUVWDQGLQJV RI D EURDGHU UDQJH RI FRQFHSWV KDYH SR
WHQWLDO IRU LPSURYLQJ LQVWUXFWLRQ DW KLJKHU OHYHOV WRR
) 'HYHORSLQJ 9DOLG DQG 5HOLDEOH 0HDVXUHV
 $UH WKHUH UHOLDEOH DQG YDOLG PHWKRGV IRU PHDVXULQJ $16 DFXLW\ WKDW FDQ EH XVHG WR WUDFN GHYHORSPHQW RYHU
DQ H[WHQGHG SHULRG RI WLPH LQIDQF\ ± FKLOGKRRG ± DGXOWKRRG"
 +RZ FDQ ZH PHDVXUH LQIRUPDO QXPHUDF\ H[SHULHQFHV YDOLGO\ DQG UHOLDEO\"
 +RZ FDQ ZH PHDVXUH WKH YDULDELOLW\ LQ FKLOGUHQ¶V PDWKHPDWLFDO H[SHULHQFHV RXWVLGH RI VFKRRO"
 +RZ FDQ ZH GHYHORS UHOLDEOH DQG YDOLG PHDVXUHV RI XQGHUVWDQGLQJ RI NH\ PDWKHPDWLFDO FRQFHSWV"
7KHVH TXHVWLRQV FDSWXUH LVVXHV WKDW SHUYDGH WKH HQWLUH OLVW WR REWDLQ FRQYLQFLQJ HYLGHQFH ZLWKLQ DQG DFURVV WKHVH
TXHVWLRQV ZH PXVW JLYH DSSURSULDWH DWWHQWLRQ WR RXU PHDVXUHV RI NH\ SUHGLFWRUV DQG RXWFRPHV ,Q VRPH SDUWV RI
WKH OLWHUDWXUH GHEDWHV DERXW WKHVH LVVXHV DUH ERWK REYLRXV DQG GHWDLOHG )RU H[DPSOH LQ WKH VXEVWDQWLDO ERG\ RI
ZRUN RQ WKH $16 PHWKRGV KDYH EHFRPH DQ RYHUW VXEMHFW RI GHEDWH DV FRPSDULVRQV DFURVV UHVHDUFK VWXGLHV UHYHDO
VHULRXV LQFRQVLVWHQFLHV &OD\WRQ *LOPRUH 	 ,QJOLV  'H 6PHGW HW DO  ,Q RWKHU DUHDV WKH GLVFXVVLRQ
LV OHVV VSHFLILF IRU LQVWDQFH PHWKRGV KDYH EHHQ DGYDQFHG IRU PHDVXULQJ FRQVWUXFWV VXFK DV XQGHUVWDQGLQJ LQ
UHODWLRQ WR FHUWDLQ FRQFHSWV EXW WKHUH LV D ODFN RI DJUHHPHQW RYHU ZKDW FRQVWLWXWHV HYLGHQFH RI FRQFHSWXDO XQGHU
VWDQGLQJ &URRNV 	 $OLEDOL  $W KLJKHU OHYHOV ZLWK H[FHSWLRQV VXFK DV WKH &DOFXOXV &RQFHSW ,QYHQWRU\ (SVWHLQ
 WKHUH DUH IHZ SRVLWHG VWDQGDUG PHDVXUHV RI PDWKHPDWLFDO NQRZOHGJH DQG XQGHUVWDQGLQJ 7KH OLVWHG
TXHVWLRQV UHIOHFW WKH QHHG IRU YDOLG DQG UHOLDEOH PHDVXUHV RI XQGHUVWDQGLQJ DQG SHUIRUPDQFH DFURVV DOO OHYHOV RI
PDWKHPDWLFV $WWHQWLRQ WR PXOWLSOH PHWKRGV WR WKHLU GHWDLOV DQG GLIIHUHQFHV LV FHUWDLQO\ D SRVLWLYH VWHS
&ULWLFDO 5HYLHZV
,Q WKLV VHFWLRQ ZH H[WHQG WKH SUHFHGLQJ FRPPHQWDULHV IRU WKRVH TXHVWLRQV IURP WZR VHFWLRQV 6HFWLRQ $ WKH QDWXUH
RI PDWKHPDWLFDO WKLQNLQJ DQG 6HFWLRQ % GHYHORSPHQWDO WUDMHFWRULHV DQG WKHLU LQWHUDFWLRQV
(OXFLGDWLQJ WKH 1DWXUH RI 0DWKHPDWLFDO 7KLQNLQJ
5HFDOO WKDW WKH TXHVWLRQV LQ WKLV VHFWLRQ DUH
 'R LQIDQWV UHDOO\ KDYH D µVHQVH RI QXPEHU¶ RU DUH WKH\ PHUHO\ VHQVLWLYH WR TXDQWLWDWLYH GLPHQVLRQV"
 +RZ GR IHHOLQJV RI FRUUHFWQHVV RU GRXEW DULVH ZKHQ SHRSOH DUH GRLQJ PDWKHPDWLFV DQG KRZ GR WKH\
LQIOXHQFH PDWKHPDWLFDO UHDVRQLQJ DQG UHVSRQVH WR LQVWUXFWLRQ"
 :KDW VWUDWHJLHV GR H[SHUWV DQG VWXGHQWV XVH ZKHQ HYDOXDWLQJ ZKHWKHU D PDWKHPDWLFDO DVVHUWLRQ LV WUXH RU
IDOVH"
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$OFRFN $QVDUL %DWFKHORU HW DO 
 :KDW PDWKHPDWLFDO FRJQLWLRQ GR H[SHUWV XVH LQ WKHLU SUDFWLFH DQG ZKDW PHWKRGV FDQ UHVHDUFKHUV XVH WR
SURYLGH DQ DFFXUDWH SRUWUD\DO RI WKLV"
%\ WKHLU QDWXUH WKHVH TXHVWLRQV SUHVHQW VHULRXV PHWKRGRORJLFDO FKDOOHQJHV $ ZHDOWK RI GDWD VXJJHVWV WKDW LQIDQWV
KDYH DQ LQQDWH DELOLW\ WR SURFHVV TXDQWLWDWLYH LQIRUPDWLRQ ,]DUG 6DQQ 6SHONH 	 6WUHUL  KDELWXDWLRQ DQG
SUHIHUHQWLDOORRNLQJ VWXGLHV LQGLFDWH WKDW LQIDQWV FDQ GLVFULPLQDWH EHWZHHQ VHWV RI VPDOO 6WDUNH\ 	 &RRSHU 
RU ODUJH TXDQWLWLHV ;X 	 6SHONH  EXW VHH &OHDUILHOG 	 0L[  IRU DQ DOWHUQDWLYH SHUVSHFWLYH ,W KDV EHHQ
DUJXHG WKDW WKHVH QXPHULFDO GLVFULPLQDWLRQ DELOLWLHV DUH JXLGHG E\ WZR VHSDUDWH V\VWHPV 3DUDOOHO ,QGLYLGXDWLRQ IRU
VPDOO TXDQWLWLHV DQG WKH $16 IRU ODUJH TXDQWLWLHV )HLJHQVRQ HW DO  ERWK V\VWHPV DUH EHOLHYHG WR EH PXOWL
PRGDO LQ WKH VHQVH WKDW WKH\ DLG WKH GLVFULPLQDWLRQ RI YLVXDO DXGLWRU\ DQG DFWLRQEDVHG TXDQWLWDWLYH VWLPXOL &DUH\
 /LSWRQ 	 6SHONH  %XW D YDULHW\ RI DGGLWLRQDO FKDUDFWHULVWLFV FDQ YDU\ ZLWK TXDQWLW\ IRU YLVXDO VWLPXOL
IRU LQVWDQFH LQFUHDVHV LQ TXDQWLW\ JHQHUDOO\ FRRFFXU ZLWK LQFUHDVHV LQ VXUIDFH DUHD RU FRQWRXU OHQJWK 0L[ 	
&KHQJ  $OWKRXJK UHVHDUFKHUV PD\ DWWHPSW WR FRQWURO IRU WKHVH H[WUDQHRXV SHUFHSWXDO YDULDEOHV WKH\ FDQQRW
DOO EH FRQWUROOHG VLPXOWDQHRXVO\ VHH &DQWUHOO 	 6PLWK  IRU DQ H[WHQVLYH UHYLHZ 7KHUHIRUH SUHYLRXV ILQGLQJV
PD\ EH LQWHUSUHWHG DV LQGLFDWLQJ WKDW LQIDQWV DUH VHQVLWLYH WR FKDQJHV LQ D YDULHW\ RI JHQHUDO PDJQLWXGH GLPHQVLRQV
VXFK DV GXUDWLRQ OHQJWK FRQYH[ KXOO DQG DUHD LQ DGGLWLRQ WR TXDQWLW\ *HEXLV 	 5H\QYRHW  1HZFRPEH
/HYLQH 	 0L[  7KH TXHVWLRQ RI ZKLFK LV WKH PRVW DFFXUDWH LQWHUSUHWDWLRQ KDV \HW WR EH UHVROYHG
5HJDUGLQJ PRUH FRPSOH[ PDWKHPDWLFV ZH NQRZ HYHQ OHVV 7KLV LV LPSRUWDQW EHFDXVH LQ PDWKHPDWLFV HGXFDWLRQ
WKHUH LV D ODUJH PRYHPHQW IRU VWXGHQWV WR HQJDJH LQ DXWKHQWLF PDWKHPDWLFDO SUDFWLFHV ± WR OHDUQ WR DSSURDFK
SUREOHPV LQ D PDQQHU HSLVWHPRORJLFDOO\ FRQVLVWHQW ZLWK WKH WKLQNLQJ RI SURIHVVLRQDO PDWKHPDWLFLDQV HJ &RPPRQ
&RUH 6WDWH 6WDQGDUGV ,QLWLDWLYH  /DPSHUW  1DWLRQDO &RXQFLO RI 7HDFKHUV RI 0DWKHPDWLFV  6IDUG
 'HVLJQLQJ IRU VXFK OHDUQLQJ UHTXLUHV DQ XQGHUVWDQGLQJ RI KRZ PDWKHPDWLFDO H[SHUWV FRPSOHWH PDWKHPDW
LFDO WDVNV DQG KRZ SURIHVVLRQDO PDWKHPDWLFLDQV SUDFWLVH WKHLU FUDIW
,Q SDUWLFXODU D GHVLUHG RXWFRPH LV IRU VWXGHQWV WR OHDUQ WR VROYH QRQURXWLQH SUREOHPV HJ &RPPRQ &RUH 6WDWH
6WDQGDUGV ,QLWLDWLYH  1DWLRQDO &RXQFLO RI 7HDFKHUV RI 0DWKHPDWLFV  6FKRHQIHOG  D SURFHVV WKDW
RIWHQ LQYROYHV PDNLQJ FRQMHFWXUHV DQG HVWLPDWLQJ WKHLU YHUDFLW\ 6XFK DFWLYLW\ OLNHO\ LQYROYHV PDQ\ EHKDYLRXUV DQG
FRPSHWHQFHV RQH RI ZKLFK LV FRQVWUXFWLQJ DQG LQWHUSUHWLQJ PDWKHPDWLFDO UHSUHVHQWDWLRQV %RWK DQDO\VLV RI H[SHUW
SURWRFROV .RHGLQJHU 	 $QGHUVRQ  6FKRHQIHOG  :HEHU 	 $OFRFN  DQGPDWKHPDWLFLDQV¶ UHIOHFWLRQV
RQ WKHLU RZQ SUDFWLFH +DGDPDUG  3RO\D  LQGLFDWH WKDW PDWKHPDWLFLDQV¶ MXGJPHQWV DERXW WUXWK YDOXHV
RIWHQ LQYROYH GLDJUDPV DQG WKDW WKHLU XVH RI WKHVH FDQ LQWHUDFW ZLWK V\PEROLF UHDVRQLQJ LQ FRPSOH[ ZD\V HJ
.RHGLQJHU 	 $QGHUVRQ  %XW WKHUH LV D JURZLQJ ERG\ RI OLWHUDWXUH LQGLFDWLQJ WKDW VWXGHQWV¶ SURSHQVLWLHV WR
XVH GLDJUDPV KDYH OLWWOH FRUUHODWLRQ ZLWK WKHLU PDWKHPDWLFDO DFKLHYHPHQW 3UHVPHJ  DQG ZH GR QRW \HW
NQRZ ZK\ VWXGHQWV GR QRW W\SLFDOO\ UHDS WKH VDPH EHQHILWV IURP PXOWLSOH UHSUHVHQWDWLRQV DV GR PDWKHPDWLFLDQV
:H DOVR ODFN D FOHDU XQGHUVWDQGLQJ RI ZKDW HYLGHQFH PDWKHPDWLFLDQV XVH WR JDLQ FHUWDLQW\ RU KLJK GHJUHHV RI
FRQILGHQFH LQ PDWKHPDWLFDO FRQMHFWXUHV 7KH WUDGLWLRQDO FODLP LV WKDW PDWKHPDWLFLDQV UHO\ RQ SURRIV ± ORJLFDOO\
ULJRURXV GHGXFWLYH DUJXPHQWV HJ *ULIILWKV  %XW WKLV RQO\ UDLVHV TXHVWLRQV DERXW KRZ VXFK SURRIV DUH
SURGXFHG DQG KRZ PDWKHPDWLFLDQV MXGJH ZKHWKHU WKH\ DUH YDOLG *LYHQ WKDW VWXGHQWV XVXDOO\ ODFN SURILFLHQF\ LQ
FRQVWUXFWLQJ DQG HYDOXDWLQJ GHGXFWLYH SURRIV HJ +HDO\ 	 +R\OHV  HYHQ DIWHU FRPSOHWLQJ FXUULFXOD H[SOLFLWO\
GHVLJQHG WR WHDFK WKHVH VNLOOV EHWWHU PRGHOV RI WKH SURYLQJ SURFHVV FRXOG KDYH LPSRUWDQW LPSOLFDWLRQV IRU PDWK
HPDWLFV LQVWUXFWLRQ
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&KDOOHQJHV LQ 0DWKHPDWLFDO &RJQLWLRQ 
(YHQ LQ WKH DEVHQFH RI SURRI PDWKHPDWLFLDQV PXVW VWLOO VRPHWLPHV PDNH VXEMHFWLYH HVWLPDWLRQV DERXW WKH
SODXVLELOLW\ RI FRQMHFWXUHV )UDQNOLQ  DUJXHG WKDW VXFK MXGJPHQWV SDUWLDOO\ GHWHUPLQH ZKDW SUREOHPV D
PDWKHPDWLFLDQ FKRRVHV WR LQYHVWLJDWH DQG 'HYOLQ  SURSRVHG WKDW WKH ZD\ PDWKHPDWLFLDQV FKHFN DUJXPHQWV
IRU FRUUHFWQHVV LV GHWHUPLQHG E\ KRZ PXFK FRQILGHQFH RU GRXEW WKH\ KDYH LQ WKRVH DUJXPHQWV +RZHYHU WKHUH
LV DOPRVW QR V\VWHPDWLF UHVHDUFK LQWR KRZ PDWKHPDWLFLDQV GR RU VWXGHQWV VKRXOG PDNH VXFK MXGJPHQWV &OHDUO\
PDWKHPDWLFLDQV DQG VWXGHQWV GR H[SHULHQFH YDU\LQJ OHYHOV RI FRQILGHQFH DQG GRXEW DERXW PDWKHPDWLFDO FODLPV
DQG DUJXPHQWV VR LW LV QDWXUDO WR DVN KRZ WKHVH DULVH DQG KRZ WKH\ LQIOXHQFH UHDVRQLQJ DQG EHKDYLRXU WKHVH
DUH RSHQ TXHVWLRQV
:H FRQFOXGH WKLV VHFWLRQ E\ DFNQRZOHGJLQJ WKH PHWKRGRORJLFDO GLIILFXOWLHV LQKHUHQW LQ LQYHVWLJDWLQJ VWXGHQWV¶ DQG
PDWKHPDWLFLDQV¶ PDWKHPDWLFDO SUDFWLFHV 'HYHORSLQJ FRQMHFWXUHV DQG IRUPLQJ DQG HYDOXDWLQJ DUJXPHQWV DUH WLPH
FRQVXPLQJ WDVNV WKDW UHO\ H[WHQVLYHO\ RQ DQ LQGLYLGXDO¶V EDFNJURXQG NQRZOHGJH ([SHUWV GR QRW QHFHVVDULO\ DGGUHVV
WKHVH WDVNV LQ WKH VDPH ZD\V DQG WKH REYLRXV DSSURDFKHV WR LQYHVWLJDWLQJ WKHLU SUDFWLFHV HDFK KDYH OLPLWDWLRQV
$Q LQYHVWLJDWRU FDQ DVN LQGLYLGXDOV WR GHVFULEH WKHLU RZQ UHDVRQLQJ SURFHVVHV DQG PDQ\ UHVHDUFKHUV KDYH HP
SOR\HG YHUEDO SURWRFRO DQDO\VHV LQ DWWHPSWV WR PRGHO VWXGHQWV¶ DQG PDWKHPDWLFLDQV¶ SUREOHP VROYLQJ HJ
6FKRHQIHOG  %XW ZH NQRZ WKDW LQGLYLGXDOV¶ VHOIUHSRUWV DERXW WKHLU RZQ UHDVRQLQJ DUH RIWHQ LQDFFXUDWH HJ
1LVEHWW 	 :LOVRQ  $Q DOWHUQDWLYH LV WR FRQGXFW D QDWXUDOLVWLF VWXG\ EXW PXFK PDWKHPDWLFDO UHDVRQLQJ LV
GRQH LQ LVRODWLRQ DQG VLOHQFH VR WKLV PLJKW SURYLGH RQO\ OLPLWHG LQIRUPDWLRQ 0RUHRYHU D QDWXUDOLVWLF VWXG\ LQFXUV
VXEVWDQWLDO WLPH FRVWV HYHQ LQ VFKRRO HQYLURQPHQWV GHYHORSLQJ DQG WHVWLQJ D VLQJOH FRQMHFWXUH FDQ WDNH D FODVV
SHULRG RU ORQJHU DQG LQ H[SHUW SUDFWLFH FUHDWLQJ DQG WHVWLQJ D FRQMHFWXUH FDQ VSDQ PRQWKV RU \HDUV 1DWXUDOLVWLF
VWXGLHV KDYH WDNHQ RQ WKLV FKDOOHQJH REVHUYLQJ PDWKHPDWLFLDQV LQ PHHWLQJV RYHU VHYHUDO PRQWKV HJ *UHLIIHQ
KDJHQ 	 6KDUURFN  6PLWK  %XW WKH\ QHFHVVDULO\ KDYH UHODWLYHO\ VPDOO QXPEHUV RI SDUWLFLSDQWV PDNLQJ
LW GLIILFXOW WR JHQHUDOL]H WKH ILQGLQJV WR WKH EURDGHU SRSXODWLRQ RI PDWKHPDWLFLDQV HVSHFLDOO\ WKRVH ZKR ZRUN LQ
GLIIHUHQW GRPDLQV $QG RI FRXUVH DQDO\]LQJ WKH GDWD UHTXLUHV WKH LQYHVWLJDWRUV WR EH DW OHDVW SDUWLDOO\ FRQYHUVDQW
ZLWK FXWWLQJHGJH PDWKHPDWLFV
2QH PRUH WUDFWDEOH PHWKRGRORJLFDO DOWHUQDWLYH LV WR SUHVHQW LQGLYLGXDOV ZLWK SUR[\ WDVNV VLPSOLILHG YHUVLRQV RI WKH
DFWLYLWLHV WKDW ZH ZRXOG OLNH WR LQYHVWLJDWH WKDW FDQ EH FRPSOHWHG LQ D UHODWLYHO\ VKRUW WLPH DQG WKDW GR QRW UHTXLUH
H[WHQVLYH EDFNJURXQG NQRZOHGJH 8VLQJ SUR[\ WDVNV GRHV QRW JXDUDQWHH WKDW EHKDYLRXUDO SDWWHUQV REVHUYHG
ZRXOG EH SUHVHQW LQ DXWKHQWLF VLWXDWLRQV EXW VXFK WDVNV GR SHUPLW WKH LQYHVWLJDWRU WR FRPSHWHQWO\ DQDO\]H WKH
GDWD DQG WKH\ DUH EHJLQQLQJ WR HQDEOH SURJUHVV DW OHDVW LQ FRQILUPLQJ RU GHEXQNLQJ FRPPRQ FODLPV 5HFHQW H\H
PRYHPHQW VWXGLHV IRU LQVWDQFH KDYH FRQILUPHG WKDW XQGHUJUDGXDWH VWXGHQWV SD\ OHVV DWWHQWLRQ WKDQPDWKHPDWLFLDQV
WR ZRUGV DV FRPSDUHG ZLWK V\PEROV LQ SXUSRUWHG SURRIV DQG WKDW WKH\ DUH OHVV OLNHO\ WR VKLIW WKHLU DWWHQWLRQ DURXQG
LQ D PDQQHU FRQVLVWHQW ZLWK VHHNLQJ GHGXFWLYH MXVWLILFDWLRQV ,QJOLV 	 $OFRFN  2WKHU UHFHQW VWXGLHV KDYH
UHYHDOHG WKDW PDWKHPDWLFLDQV GLVDJUHH RQ WKH YDOLGLW\ RI HYHQ IDLUO\ VLPSOH PDWKHPDWLFDO DUJXPHQWV ,QJOLV 0HMtD
5DPRV:HEHU 	 $OFRFN  WKDW WKH\ UHVSRQG LQ PRUH QXDQFHG ZD\V WKDQ LV WUDGLWLRQDOO\ EHOLHYHG WR DUJXPHQWV
EDVHG RQ GLDJUDPV ,QJOLV 	 0HMtD5DPRV D RU SUHVHQWHG DV IURP DQ DXWKRULWDWLYH VRXUFH ,QJOLV 	 0HMtD
5DPRV E DQG WKDW WKHLU VHQVH RI EHDXW\ LQ D PDWKHPDWLFDO SURRI LV QRW V\VWHPDWLFDOO\ UHODWHG WR WKDW SURRI¶V
SHUFHLYHG VLPSOLFLW\ ,QJOLV 	 $EHUGHLQ  6HYHUDO RI WKHVH ILQGLQJV FKDOOHQJH FRQYHQWLRQDO FODLPV DERXW WKH
QDWXUH RI PDWKHPDWLFDO H[SHUWLVH E\ UHYHDOLQJ PRUH WKDQ H[SHFWHG KHWHURJHQHLW\ LQ WKH H[SHULHQFHV DQG MXGJPHQWV
RI PDWKHPDWLFLDQV 7KH\ WKXV FRQVWLWXWH VWHSV WRZDUG D PRUH LQIRUPHG YLHZ RI ZKDW PDWKHPDWLFV VWXGHQWV VKRXOG
OHDUQ
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$OFRFN $QVDUL %DWFKHORU HW DO 
&KDUWLQJ 'HYHORSPHQWDO 7UDMHFWRULHV DQG 7KHLU ,QWHUDFWLRQV
7KH TXHVWLRQV LQ WKLV VHFWLRQ DUH
 $UH WKHUH DOWHUQDWLYH FRJQLWLYH SDWKZD\V E\ ZKLFK RQH FDQ EH D VXFFHVVIXO PDWKHPDWLFV VWXGHQW" ,I \HV
ZKDW GRHV WKLV LPSO\ IRU W\SLFDO UHVHDUFK PHWKRGV XVHG E\ PDWKHPDWLFDO FRJQLWLRQ UHVHDUFKHUV"
 +RZ DUH GLIIHUHQW PDWKHPDWLFDO VNLOOV LQFOXGLQJ UHSUHVHQWLQJ QXPEHU FRXQWLQJ SHUIRUPLQJ DULWKPHWLF
XVLQJ IUDFWLRQV DQG WKHLU GHYHORSPHQWDO WUDMHFWRULHV UHODWHG WR HDFK RWKHU"
 +RZ LV GHYHORSPHQWDO G\VFDOFXOLD TXDOLWDWLYHO\ GLIIHUHQW IURP DULWKPHWLF SHUIRUPDQFH DW WKH ORZHU HQG RI
WKH QRUPDO GLVWULEXWLRQ"
 $V ZH EXLOG FDXVDO PRGHOV RI SDWKZD\V WR PDWKHPDWLFV OHDUQLQJ DQG WKLQNLQJ ZKDW PRGHOV HPHUJH IRU
FRPSHQVDWRU\ PHFKDQLVPV ± FRJQLWLYH VNLOOV RU DELOLWLHV WKDW DOORZ LQGLYLGXDOV WR RYHUFRPH VKRUWFRPLQJV
LQ HVVHQWLDO VNLOOV DQG WKDW FRQWULEXWH WR SDWWHUQV RI EHKDYLRXUV"
,Q FRPSDULVRQ ZLWK WKH TXHVWLRQV GLVFXVVHG LQ WKH SUHYLRXV VHFWLRQ UHVHDUFK SHUWDLQLQJ WR WKHVH LV FRPSDUDWLYHO\
DGYDQFHG %XW LW LV E\ QR PHDQV FRQFOXVLYH WKH DYDLODEOH GDWD VXJJHVW WKDW PXOWLSOH SRWHQWLDO SDWKZD\V WR PDWK
HPDWLFDO VXFFHVV H[LVW EXW GR QRW VSHFLI\ SUHFLVHO\ ZKDW WKRVH SDWKZD\V DUH 7KLV LV HYLGHQW DPRQJ FKLOGUHQ ZKR
KDYHPDWKHPDWLFDO GLIILFXOWLHV RI NQRZQ HJ 'HQQLV HW DO  RU XQNQRZQ HWLRORJ\ HJ *HDU\  .DXIPDQQ
HW DO  WKH PRVW HDVLO\ GLIIHUHQWLDWHG RI ZKRP KDYH UHDGLO\ FODVVLILDEOH GHYHORSPHQWDO GLDJQRVHV VXFK DV
IUDJLOH ; V\QGURPH VSLQD ELILGD DQG T GHOHWLRQ V\QGURPH 'H 6PHGW 6ZLOOHQ 9HUVFKDIIHO 	 *KHVTXLqUH
 0D]]RFFR 4XLQWHUR 0XUSK\ 	 0F&ORVNH\  6RPH JURXS GLIIHUHQFHV ZKLOH GLVRUGHUVSHFLILF PD\
SURYLGH PRGHOV IRU YDULDWLRQ LQ WKH JHQHUDO SXEOLF LI RULJLQV IRU DQG PHFKDQLVPV XQGHUO\LQJ GLIIHUHQW SDWKZD\V DQG
WUDMHFWRULHV ZHUH ZHOO XQGHUVWRRG 7KLV PDNHV LQTXLU\ LQWR WKHVH WUDMHFWRULHV SDUWLFXODUO\ YDOXDEOH
7R XQGHUVWDQG GLIIHUHQFHV LQ GHYHORSPHQWDO WUDMHFWRULHV UHVHDUFKHUV DWWHQG WR UHODWLYH GHILFLWV DQG DVVHWV ± D
QHXURSV\FKRORJLFDO DSSURDFK WKDW UHYHDOV SRWHQWLDO GLVVRFLDWLRQV RI PDWKHPDWLFV VNLOOV DQG WKDW WKXV H[WHQGV
NQRZOHGJH RI EDVLF FRJQLWLYH SURFHVVHV DQG SRWHQWLDO URXWHV WR ERWK G\VFDOFXOLD DQG W\SLFDO PDWKHPDWLFDO
DFKLHYHPHQW )RU LQVWDQFH VFKRRODJH FKLOGUHQ ZLWK T GHOHWLRQ V\QGURPH T'6 KDYH LQWDFW IDFW UHWULHYDO
VNLOOV EXW UHODWLYHO\ LPSDLUHG HQXPHUDWLRQ RI TXDQWLWLHV VHH WKH UHYLHZ E\ 'H 6PHGW HW DO  WKH\ DOVR H[KLELW
LQWDFW ZRUG OHDUQLQJ EXW XQGHUFRXQW HQXPHUDWLRQ HUURUV IRU VHWV H[FHHGLQJ IRXU 4XLQWHUR %HDWRQ +DUYH\ 5RVV
	 6LPRQ  :KHWKHU WKHVH HQXPHUDWLRQ HUURUV UHIOHFW GLIILFXOWLHV ZLWK PDSSLQJ RI QXPEHUV WR TXDQWLWLHV HJ
'HKDHQH 3LD]]D 3LQHO 	 &RKHQ  ZLWK VSDWLDO DWWHQWLRQ 6LPRQ %HDUGHQ 0F*LQQ 	 =DFNDL  RU
ZLWK RWKHU EDVLF SURFHVVHV KDV LPSRUWDQW LPSOLFDWLRQV IRU WKH RULJLQV RI GHYHORSPHQWDO WUDMHFWRULHV %XW LQ DOO
SRVVLEOH FDVHV WKHLU H[LVWHQFH GHPRQVWUDWHV D GLVVRFLDWLRQ EHWZHHQ FRPSRQHQWV RI PDWKHPDWLFDO FRJQLWLRQ
6LPLODU GLVVRFLDWLRQV DUH HYLGHQW DFURVV RWKHU FRQGLWLRQV )RU LQVWDQFH PDWKHPDWLFDO SHUIRUPDQFH UHPDLQV FRP
SDUDWLYHO\ XQLPSDLUHG LQ FKLOGUHQ ZLWK T'6 ZKHQ WDSSLQJ WKH YHUEDO V\VWHP 0D]]RFFR HW DO  EXW QRW
ZKHQ HQJDJLQJ LQ QRQYHUEDO WDVNV ,Q FRQWUDVW ZKHUHDV FKLOGUHQ ZLWK VSLQD ELILGD PHQLQJRP\HORFHOH VKRZ GHOD\HG
FRXQWLQJ SULQFLSOHV LQ HDUO\ FKLOGKRRG DQG SRRU QXPHUDF\ DFURVV WKH OLIHVSDQ WKHLU PDWKHPDWLFDO IDFW UHWULHYDO
SHUIRUPDQFH LV QRW FRUUHODWHG ZLWK SUHVHQFH RU DEVHQFH RI D OHDUQLQJ GLVDELOLW\ (QJOLVK %DUQHV 7D\ORU 	 /DQGU\
 EXW UDWKHU ZLWK OHYHO RI ILQH PRWRU VNLOOV %DUQHV HW DO  ,Q FKLOGUHQ ZLWK :LOOLDPV V\QGURPH WKH GLVVR
FLDWLRQ EHWZHHQ QXPHULFDO VNLOOV LV QRW RQO\ LQ QDWXUH EXW DOVR LQ WLPLQJ DEVWUDFW UHSUHVHQWDWLRQV RI VPDOO TXDQWLW\
DUH DJH DSSURSULDWH GXULQJ LQIDQF\ DV LV WKH DELOLW\ WR WUDFN VPDOO LWHP VHWV %XW WKHVH VNLOOV GR QRW UHPDLQ LQWDFW
WKURXJKRXW OLIH DQG LPSDLUHG DSSUR[LPDWH QXPEHU UHSUHVHQWDWLRQV RI ODUJH VHWV HPHUJH HYHQ LQ HDUO\ FKLOGKRRG
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&KDOOHQJHV LQ 0DWKHPDWLFDO &RJQLWLRQ 
5HPDUNDEO\ GHVSLWH WKLV SURILOH \RXQJ FKLOGUHQ ZLWK :LOOLDPV 6\QGURPH :6 RXWSHUIRUP RWKHU \RXQJ JLUOV ZLWK
IUDJLOH ; V\QGURPH RQ FRXQWLQJ SULQFLSOHV VXFK DV FDUGLQDOLW\
7KHVH V\VWHPDWLF SURILOH DQDO\VHV DUH HDFK JXLGHG E\ WKHRULHV OLQNHG WR VSHFLILF ELRFKHPLFDO QHXURDQDWRPLFDO
RU QHXURSV\FKRORJLFDO FKDUDFWHULVWLFV RI NQRZQ FRQGLWLRQV DV UHYLHZHG E\ 'HQQLV HW DO  $V VXFK SULQFLSOHG
DSSURDFKHV DOORZ XV WR WHVW WKHRULHV RI WKH RULJLQV RI PDWKHPDWLFDO OHDUQLQJ WUDMHFWRULHV RU WR DVN ZKHQ SDWKZD\V
GLYHUJH RU EHFRPH XQLTXH 3RVVLEOH IDFWRUV LQ GLYHUJHQFH LQFOXGH LPSDLUHG PRWRU IXQFWLRQ WKDW SUHYHQWV PRWRU
H[SORUDWLRQ LQ LQIDQWV DQG WRGGOHUV ZLWK VSLQD ELILGD DQG WKDW OLPLWV ILQJHU XVH LQ ROGHU FKLOGUHQ DQG GLVUXSWHG
GHYHORSPHQW RI WKH YLVXRVSDWLDO SURFHVVLQJ V\VWHP LQ T'6 RU :6 %XW WKHVH IDFWRUV DUH QRW V\QGURPH VSHFLILF
VR WKH PDWKHPDWLFDO DVVHWV REVHUYHG LQ WKHVH DQG RWKHU SRSXODWLRQV KDYH LPSOLFDWLRQV IRU SRWHQWLDO FRPSHQVDWRU\
PHFKDQLVPV ± URXWHV YLD ZKLFK ZH PLJKW SURPRWH PDWKHPDWLFDO OHDUQLQJ LQ DQ\ FKLOGUHQ ZKR VKDUH DVVHWV LQ
WKHVH GRPDLQV
7KLV DUJXPHQW DERXW DVVHWV H[WHQGV WR GRPDLQJHQHUDO VNLOOV OLNH ZRUNLQJ PHPRU\ (QJOLVK HW DO  DQG RI
FRXUVH GHYHORSPHQWDO GLIIHUHQFHV DUH DOVR REVHUYHG LQ FKLOGUHQ ZLWK W\SLFDO PDWKHPDWLFDO DFKLHYHPHQW /H)HYUH
HW DO  7R GDWH VWXGLHV RI W\SLFDO SRSXODWLRQV KDYH IRFXVHG RQ QXPHULFDO VNLOOV IUDFWLRQV IDFW UHWULHYDO ZRUG
SUREOHP VROYLQJ RU JHQHUDO PDWKHPDWLFDO DFKLHYHPHQW GHSHQGLQJ RQ WKH UHVHDUFKHU¶V GLVFLSOLQH 0HDVXUHG SR
WHQWLDO PHGLDWRUV RU PRGHUDWRUV IUHTXHQWO\ LQFOXGH H[HFXWLYH IXQFWLRQV HJ ZRUNLQJ PHPRU\ LQKLELWRU\ FRQWURO
%XOO (VS\ 	 :LHEH  SURFHVVLQJ VSHHG DQG PRUH UHFHQWO\ LQGLFHV RI PDWKHPDWLFV DQ[LHW\ RU PRWLYDWLRQDO
IDFWRUV %HLORFN HW DO  :DQJ HW DO  ,PSRUWDQWO\ PRVW RI WKH UHODWLRQVKLSV WR HPHUJH IURP WKHVH
VWXGLHV DUH QRQOLQHDU 2XWFRPHV PD\ LQWHUDFW ZLWK SUREOHP W\SH $JRVWLQR -RKQVRQ 	 3DVFXDO/HRQH 
VWDJH RI GHYHORSPHQW $QVDUL  PRWLYDWLRQ RU PDWKHPDWLFV DQ[LHW\ %HLORFN HW DO  :DQJ HW DO 
DQG RWKHU NQRZQ LQIOXHQFHV HJ UHDGLQJ GLVDELOLW\ VWHUHRW\SH WKUHDW PRWRU IXQFWLRQ ZRUN GLUHFWO\ RQ PDWKHPDW
LFDO RXWFRPHV RU LQGLUHFWO\ PRGHUDWH NQRZQ DVVRFLDWLRQV IRU LQVWDQFH FKLOGUHQ ZLWK D UHDGLQJ GLVDELOLW\ RU PRGHUDWH
PDWKHPDWLFV DQ[LHW\ PLJKW EH PRUH RU OHVV UHVSRQVLYH WR DQ LQWHUYHQWLRQ
,GHDOO\ ZH ZRXOG GUDZ FRPSDULVRQV DFURVV VWXGLHV WKDW DVN VLPLODU TXHVWLRQV RU DGGUHVV GLIIHUHQW GLVRUGHUV WKLV
ZRXOG KHOS WR LGHQWLI\ FRPPRQ GLVVRFLDWLRQV DOWHUQDWLYH FRPSHQVDWRU\ SDWKV DQG LQGLFDWRUV RI ZKHWKHU FKLOGUHQ
DUH JRRG FDQGLGDWHV IRU VSHFLILF FRPSHQVDWLRQEDVHG LQWHUYHQWLRQV %XW DW SUHVHQW DQ H[SOLFLW FRPSDULVRQ RI WKLV
VRUW LV SUREOHPDWLF $W PLQLPXP LW UHTXLUHV FRPPRQDOLW\ LQ DW OHDVW VRPH RI WKH PHDVXUHV XVHG WR DVVHVV VNLOOV
PDWKHPDWLFDO RU RWKHUZLVH RYHUODS LQ DJHV DVVHVVHG DQG VLPLODU PHWKRGRORJLFDO DSSURDFKHV WR VWXG\ GHVLJQ
DQG GDWD DQDO\VLV 7KLV UHWXUQV XV WR WKH RYHUDUFKLQJ TXHVWLRQV DERXW PHWKRGRORJ\ UDLVHG LQ 6HFWLRQ ) EHWWHU
FRQVLVWHQF\ LQ GHVLJQ DQG UHSRUWLQJ ZRXOG FRQWULEXWH WR ERWK GLVRUGHUVSHFLILF NQRZOHGJH DQG NQRZOHGJH RI
PDWKHPDWLFDO FRJQLWLRQ LQ WKH EURDGHVW VHQVH
'LVFXVVLRQ
7KH H[HUFLVH UHSRUWHG LQ WKLV SDSHU OHG WR D OLVW RI TXHVWLRQV WKDW UHIOHFWV D EURDG DSSURDFK WR XQGHUVWDQGLQJ KXPDQ
PDWKHPDWLFDO FRJQLWLRQ HQFRPSDVVLQJ WKH HIIHFWV RI HQYLURQPHQWDO DQG DIIHFWLYH IDFWRUV RI GRPDLQJHQHUDO DQG
GRPDLQVSHFLILF FRJQLWLYH IDFWRUV DQG RI WHDFKLQJ LQWHUYHQWLRQV ,W FRYHUV PDWKHPDWLFDO FRJQLWLRQ DV LW GRHV RU
FDQ GHYHORS IURP LQIDQF\ WR H[SHUWLVH IURP EDVLF UHSUHVHQWDWLRQV RI QXPEHU LQ WKH EUDLQ WKURXJK LQIRUPDO DQG
IRUPDO OHDUQLQJ DQG ZD\V LQ ZKLFK WKHVH PLJKW EH VWXGLHG DQG VXSSRUWHG WR WKH WKLQNLQJ RI H[SHUW PDWKHPDWLFLDQV
7KLV YDULDWLRQ KRZHYHU VKRXOG QRW EH VHHQ DV RYHUZKHOPLQJ WKH OLVW H[KLELWV DQ HQFRXUDJLQJ OHYHO RI FRKHUHQFH
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$OFRFN $QVDUL %DWFKHORU HW DO 
DPRQJ WKH PDLQ FRQFHUQV RI UHVHDUFKHUV DW DOO PDWKHPDWLFDO OHYHOV DQG IURP DOO RI WKH GLVFLSOLQHV LQYROYHG LQ RXU
H[HUFLVH ,QGHHG DOWKRXJK WKH FRQIHUHQFH ZDV FKDUDFWHULVHG E\ D VSLULW RI RSHQQHVV HQJDJHPHQW DQG D ZLOOLQJQHVV
WR GR WKH ZRUN QHFHVVDU\ WR LURQ RXW DQ\ PLVXQGHUVWDQGLQJV WKDW DURVH GXH WR GLIIHUHQW WHUPLQRORJLHV WKLV ZDV
KDUGO\ UHTXLUHG ± JHQXLQH GLVDJUHHPHQWV ZHUH IHZ ZKLFK HQFRXUDJHV XV WR EHOLHYH WKDW RXU GLIIHUHQW DSSURDFKHV
DUH FRQYHUJLQJ RQ VLPLODU FRQFHSWLRQV RI WKH NH\ LVVXHV
7KDW VDLG DQ\ H[HUFLVH OLNH WKLV LV QDWXUDOO\ OLPLWHG E\ WKH H[SHULHQFH DQG NQRZOHGJH RI LWV SDUWLFLSDQWV DQG PXVW
WUDGH RII EUHDGWK RI UHSUHVHQWDWLRQ DJDLQVW GHSWK RI IRFXV :LWK D FRPSDUDWLYHO\ VPDOO H[HUFLVH OLNH WKLV ZH OHDQW
WRZDUGV GHSWK DOO RI RXU SDUWLFLSDQWV ZRUN RQ PDWKHPDWLFDO FRJQLWLRQ DV D PDMRU VWUDQG RI WKHLU RZQ UHVHDUFK
2QH FRQVHTXHQFH ZDV WKDW PLQRULW\ LQWHUHVWV DUH OHVV ZHOO UHIOHFWHG LQ RXU OLVW RI TXHVWLRQV LQ SDUWLFXODU DOWKRXJK
TXHVWLRQV UHODWHG WR FRJQLWLYH QHXURVFLHQFH DURVH LQ WKH GUDIWLQJ VWDJHV VHH KWWSVILJVKDUHFRPDUWLFOHV6B'DWD
VHWB[OV[ WKH\ GLG QRW VXUYLYH WKH ZLQQRZLQJ SURFHVV 7KLV FRXOG EH VHHQ DV UHIOHFWLQJ D SULPDU\ IRFXV
DPRQJ RXU SDUWLFLSDQWV RQ TXHVWLRQV RI IDLUO\ GLUHFW FRQFHUQ WR HGXFDWRUV IXQGDPHQWDO TXHVWLRQV DERXW UHSUHVHQW
DWLRQV LQ WKH EUDLQ DUH SHUKDSV DW SUHVHQW D VWHS IXUWKHU UHPRYHG IURP WKHVH FRQFHUQV 6LPLODUO\ UHVRXUFH UHVWULF
WLRQV DQG WKH 8. ORFDWLRQ RI WKH IXQGHU VNHZHG WKH SDUWLFLSDWLRQ WRZDUG ORFDO SDUWLFLSDQWV DQG WRZDUG WKRVH ZKR
SXEOLVK SULPDULO\ LQ (QJOLVK :H IXOO\ DFNQRZOHGJH WKDW RWKHU UHVHDUFKHUV ± HVSHFLDOO\ WKRVH ZLWK EURDGHU LQWHUHVWV
RU WKRVH ZRUNLQJ SULPDULO\ LQ RWKHU UHJLRQV RU ODQJXDJHV ± PLJKW WDNH GLIIHUHQW YLHZV DQG ZH KRSH WKDW RQH IXQFWLRQ
RI WKLV SDSHU ZLOO EH WR VWLPXODWH GHEDWH
:H KRSH DOVR WR VWLPXODWH GHEDWH RQ SULRULWLVDWLRQ RI UHVHDUFK HQGHDYRXUV WRZDUG ZKLFK HQG ZH VKRXOG FODULI\
WKDW ZH LQWHQG WKLV SDSHU DV D UHVRXUFH QRW D PDQLIHVWR ZH GR QRW ZLVK WR PDNH DFWXDO RU VSHFXODWLYH YDOXH
MXGJPHQWV DERXW KRZ RXU IHOORZ UHVHDUFKHUV XVH WKHLU WLPH DQG UHVRXUFHV 6RPH ERGLHV GRPDNH VXFK MXGJPHQWV
IXQGHUV DUH HQWLWOHG WR HVWDEOLVK DJHQGDV DQG UHVHDUFK SULRULWLHV %XW ZH FRQVLGHU LW LQDSSURSULDWH WR XVH RXU OLVW
± ZKHWKHU SUHHPSWLYHO\ RU UHWURVSHFWLYHO\ ± DV D EDVLV IRU MXGJLQJ WKH ZRUWKLQHVV RI RWKHUV¶ ZRUN :H QHYHUWKHOHVV
EHOLHYH WKDW WKH VSLULW RI DFDGHPLF IUHHGRP ZRXOG EH SUHVHUYHG LI DQ RXWFRPH RI RXU H[HUFLVH LV D VHW RI LPSRUWDQW
VKDUHG FRQVLGHUDWLRQV WKDW EHFRPHV UHILQHG E\ JUHDWHU LQWHUGLVFLSOLQDU\ FRPPXQLFDWLRQ $FFRUGLQJO\ ZH KRSH WKDW
RWKHUV ZLOO FRQVLGHU DGGUHVVLQJ VRPH TXHVWLRQV GLUHFWO\ DQG UHODWLQJ WKHLU RQJRLQJ ZRUN WR D EURDGHU VZDWKH RI
UHVHDUFK SHUWLQHQW WR PDWKHPDWLFDO FRJQLWLRQ
:H DUH DOVR DZDUH WKDW RXU OLVW RI TXHVWLRQV UDLVHV LVVXHV DERXW SUDFWLFDOLW\ VRPH TXHVWLRQV FRXOG EH DGGUHVVHG
YLD VPDOO UHVHDUFK SURMHFWV UXQ E\ VPDOO WHDPV EXW VRPH ZRXOG QHFHVVLWDWH ODUJHUVFDOH PXOWLODE LQYHVWLJDWLRQV
7KH OLVW DOVR UDLVHV QDWXUDO TXHVWLRQV DERXW VHTXHQFLQJ IRU LQVWDQFH LW PD\ VHHP WKDW 4XHVWLRQ  +RZ FDQ ZH
PHDVXUH WKH YDULDELOLW\ LQ FKLOGUHQ¶V PDWKHPDWLFDO H[SHULHQFHV RXWVLGH RI VFKRRO" PXVW EH DQVZHUHG EHIRUH
4XHVWLRQ  LQFOXGLQJ:KDW DUH UHOLDEOH HDUO\ DQG ODWHU ORQJLWXGLQDO SUHGLFWRUV RI WKH GHYHORSPHQW RI QXPEHU VNLOOV
DULWKPHWLF DQG RWKHU DVSHFWV RI PDWKHPDWLFV" %XW WKLV SUHVXSSRVHV WKDW D SHUIHFW PHDVXUH LV SRVVLEOH DQG WKDW
LW LV SRVVLEOH WR NQRZ LQ LVRODWLRQ WKDW ZH KDYH IRXQG LW ,Q IDFW VXFK D PHDVXUH PXVW QHFHVVDULO\ EH FRQVWUXFWHG
LQ FRQMXQFWLRQ ZLWK UHVHDUFK DERXW WKH LQIOXHQFH RI YDULRXV IDFWRUV RQ GHYHORSPHQW WKHUH LV QR SRLQW LQ PHDVXULQJ
SHUIHFWO\ D TXDQWLW\ WKDW WXUQV RXW QRW WR KDYH LQIOXHQFH LQ WKH ZRUOG DUJXDEO\ WKH DEVWUDFW QDWXUH RI WKHRUHWLFDO
FRQVWUXFWV PHDQV WKDW WKLV LV QRW HYHQ SRVVLEOH 7KHUH DUH DOVR PRUH SURVDLF FRQFHUQV ZH FRXOG LQYHVW LQ GHYHO
RSLQJ H[FHOOHQW PHDVXUHV IRU FRQVWUXFWV WKDW ZH FXUUHQWO\ EHOLHYH WR EH LPSRUWDQW EXW ZKDW LI WKH\ WXUQ RXW QRW WR
EH" :LWKRXW VRPH FRQFXUUHQW HIIRUW WR HVWDEOLVK DW D URXJK OHYHO ZKHWKHU RXWVLGHRIVFKRRO H[SHULHQFHV KDYH DV
PXFK LQIOXHQFH DV VD\ WKH ILUVW \HDU LQ VFKRRO WKDW LQYHVWPHQW FRXOG EH ZDVWHG DW OHDVW IURP WKH SHUVSHFWLYH RI
HGXFDWLRQDO GHYHORSPHQW LI QRW IURP WKDW RI EDVLF UHVHDUFK
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6R DOWKRXJK RXU TXHVWLRQV UHSUHVHQW DQ LQIRUPHG FROOHFWLYH FXUUHQW SHUVSHFWLYH LW ZRXOG EH IROO\ WR VHW RXUVHOYHV
XS DV DEOH WR PDNH SUHGLFWLRQV DERXW ZKDW DUH GHVWLQHG WR EHFRPH WKH UHDOO\ LPSRUWDQW EUHDNWKURXJKV RU LQVLJKWV
7KHVH ZLOO FRPH DERXW GXH WR FRQWLQXHG UHIOHFWLRQ LQIRUPHG E\ QHZ GHYHORSPHQWV DFURVV RXU ILHOGV VR ZH KRSH
± DV VWDWHG LQ WKH LQWURGXFWLRQ ± WR SURPRWH FRPPXQLFDWLRQ DQG LQWHUGLVFLSOLQDU\ ZRUN DFURVV WKH ILHOGV RI PDWKHP
DWLFV HGXFDWLRQ SV\FKRORJ\ DQG FRJQLWLYH QHXURVFLHQFH E\ GUDZLQJ DWWHQWLRQ WR ZKDW LV FRPPRQ LQ WKHLU PHWKRGV
WKHRULHV DQG XOWLPDWH UHVHDUFK JRDOV
6XSSOHPHQWDU\ 0DWHULDOV
2ULJLQDO UHVHDUFK TXHVWLRQV DQG RULJLQDO VXPPDULVHG UDQNLQJV GRLPILJVKDUHY
1RWHV
L 7KH MRXUQDOV DQG FRQIHUHQFHV LQ WKLV VHFWLRQ DUH QRW LQWHQGHG WR EH H[KDXVWLYH RU W\SLFDO IRU DOO UHVHDUFKHUV ZLWKLQ D VSHFLILF
GLVFLSOLQH LQVWHDG WKH\ VHUYH WR LOOXVWUDWH WKH GLYHUVH SXEOLFDWLRQ RXWOHWV ZLWKLQ WKH ILHOG RI PDWKHPDWLFDO FRJQLWLRQ
LL 7KHVH H[HUFLVHV KDYH W\SLFDOO\ EHHQ LQIOXHQWLDO ZLWK WKH UHVXOWLQJ SDSHUV DWWUDFWLQJ ODUJH QXPEHUV RI FLWDWLRQV ERWK LQ DFDGHPLF
UHVHDUFK DQG LQ SROLF\ GRFXPHQWV
LLL $ FRQIHUHQFH WKDW WRRN SODFH DW WKH .DYOL 5R\DO 6RFLHW\ ,QWHUQDWLRQDO &HQWUH LQ $XJXVW 
)XQGLQJ
7KH UHSRUWHG H[HUFLVH ZDV SDUWIXQGHG E\ D 5R\DO 6RFLHW\ ,QWHUQDWLRQDO &RQIHUHQFH *UDQW DORQJ ZLWK IXQGLQJ IURP (FRQRPLF
DQG 6RFLDO 5HVHDUFK &RXQFLO JUDQWV (6/ DQG 5(6 WKH 1DWXUDO 6FLHQFHV DQG (QJLQHHULQJ 5HVHDUFK
&RXQFLO RI &DQDGD WKH &DQDGLDQ ,QVWLWXWHV RI +HDOWK 5HVHDUFK WKH &DQDGD 5HVHDUFK &KDLUV &5& 3URJUDP D 5R\DO 6RFLHW\
:RUVKLSIXO &RPSDQ\ RI $FWXDULHV 5HVHDUFK )HOORZVKLS D 5R\DO 6RFLHW\ 6KXWWOHZRUWK (GXFDWLRQDO 5HVHDUFK )HOORZVKLS DQG
D 5R\DO 6RFLHW\ 'RURWK\ +RGJNLQ 5HVHDUFK )HOORZVKLS 7KH IXQGHUV KDG QR UROH LQ VWXG\ GHVLJQ GDWD FROOHFWLRQ DQG DQDO\VLV
GHFLVLRQ WR SXEOLVK RU SUHSDUDWLRQ RI WKH PDQXVFULSW
&RPSHWLQJ ,QWHUHVWV
7KH DXWKRUV KDYH GHFODUHG WKDW QR FRPSHWLQJ LQWHUHVWV H[LVW
$FNQRZOHGJPHQWV
7KH DXWKRUV KDYH QR VXSSRUW WR UHSRUW
5HIHUHQFHV
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 GRL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
$QVDUL ' 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 1HXURFRJQLWLYH DSSURDFKHV WR GHYHORSPHQWDO GLVRUGHUV RI QXPHULFDO DQG PDWKHPDWLFDO FRJQLWLRQ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 $ULWKPHWLF SURFHVVLQJ LQ
FKLOGUHQ ZLWK VSLQD ELILGD FDOFXODWLRQ DFFXUDF\ VWUDWHJ\ XVH DQG IDFW UHWULHYDO IOXHQF\ -RXUQDO RI /HDUQLQJ 'LVDELOLWLHV 
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%HLORFN 6 / *XQGHUVRQ ( $ 5DPLUH] * 	 /HYLQH 6 &  )HPDOH WHDFKHUV¶ PDWK DQ[LHW\ DIIHFWV JLUOV¶ PDWK
DFKLHYHPHQW 3URFHHGLQJV RI WKH 1DWLRQDO $FDGHP\ RI 6FLHQFHV RI WKH 8QLWHG 6WDWHV RI $PHULFD  
GRLSQDV
%XOO 5 (VS\ . $ 	 :LHEH 6 $  6KRUWWHUP PHPRU\ ZRUNLQJ PHPRU\ DQG H[HFXWLYH IXQFWLRQLQJ LQ SUHVFKRROHUV
/RQJLWXGLQDO SUHGLFWRUV RI PDWKHPDWLFDO DFKLHYHPHQW DW DJH  \HDUV 'HYHORSPHQWDO 1HXURSV\FKRORJ\  
GRL
&DQWUHOO / 	 6PLWK / %  2SHQ TXHVWLRQV DQG D SURSRVDO $ FULWLFDO UHYLHZ RI WKH HYLGHQFH RQ LQIDQW QXPHULFDO DELOLWLHV
&RJQLWLRQ   GRLMFRJQLWLRQ
&DUH\ 6  7KH RULJLQ RI FRQFHSWV 2[IRUG 8QLWHG .LQJGRP 2[IRUG 8QLYHUVLW\ 3UHVV
&OD\WRQ 6 *LOPRUH & 	 ,QJOLV 0  'RW FRPSDULVRQ VWLPXOL DUH QRW DOO DOLNH 7KH HIIHFW RI GLIIHUHQW YLVXDO FRQWUROV RQ
$16 PHDVXUHPHQW $FWD 3V\FKRORJLFD   GRLMDFWSV\
&OHDUILHOG 0 : 	 0L[ . 6  $PRXQW YHUVXV QXPEHU ,QIDQWV
 XVH RI DUHD DQG FRQWRXU OHQJWK WR GLVFULPLQDWH VPDOO
VHWV -RXUQDO RI &RJQLWLRQ DQG 'HYHORSPHQW   GRL6-&'B
&OHPHQWV ' + 	 6DUDPD -  /HDUQLQJ WUDMHFWRULHV LQ PDWKHPDWLFV HGXFDWLRQ 0DWKHPDWLFDO 7KLQNLQJ DQG /HDUQLQJ
  GRL VPWOB
&RKHQ .DGRVK 5 'RZNHU $ +HLQH $ .DXIPDQQ / 	 .XFLDQ .  ,QWHUYHQWLRQV IRU LPSURYLQJ QXPHULFDO DELOLWLHV
3UHVHQW DQG IXWXUH 7UHQGV LQ 1HXURVFLHQFH DQG (GXFDWLRQ   GRLMWLQH
&RPPRQ &RUH 6WDWH 6WDQGDUGV ,QLWLDWLYH  &RPPRQ &RUH 6WDWH 6WDQGDUGV IRU 0DWKHPDWLFV 5HWULHYHG IURP
ZZZFRUHVWDQGDUGVRUJZSFRQWHQWXSORDGV0DWKB6WDQGDUGVSGI
&URRNV 1 0 	 $OLEDOL 0 :  'HILQLQJ DQG PHDVXULQJ FRQFHSWXDO NQRZOHGJH LQ PDWKHPDWLFV 'HYHORSPHQWDO 5HYLHZ
  GRLMGU
'H %RFN ' 'HSUH] - 9DQ 'RRUHQ : 5RHOHQV 0 	 9HUVFKDIIHO /  $EVWUDFW RU FRQFUHWH H[DPSOHV LQ OHDUQLQJ
PDWKHPDWLFV" $ UHSOLFDWLRQ DQG HODERUDWLRQ RI .DPLQVNL 6ORXWVN\ DQG +HFNOHU¶V VWXG\ -RXUQDO IRU 5HVHDUFK LQ 0DWKHPDWLFV
(GXFDWLRQ  
'HKDHQH 6 3LD]]D 0 3LQHO 3 	 &RKHQ / 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 7KUHH SDULHWDO FLUFXLWV IRU QXPEHU SURFHVVLQJ&RJQLWLYH 1HXURSV\FKRORJ\
  GRL
'HQQLV 0 %HUFK ' % 	 0D]]RFFR 0 0 0  0DWKHPDWLFDO OHDUQLQJ GLVDELOLWLHV LQ VSHFLDO SRSXODWLRQV 3KHQRW\SLF
YDULDWLRQ DQG FURVVGLVRUGHU FRPSDULVRQV 'HYHORSPHQWDO 'LVDELOLWLHV 5HVHDUFK 5HYLHZV   GRLGGUU
'H 6PHGW % 1RsO 03 *LOPRUH & 	 $QVDUL '  +RZ GR V\PEROLF DQG QRQV\PEROLF QXPHULFDO PDJQLWXGH SURFHVVLQJ
VNLOOV UHODWH WR LQGLYLGXDO GLIIHUHQFHV LQ FKLOGUHQ¶V PDWKHPDWLFDO VNLOOV" $ UHYLHZ RI HYLGHQFH IURP EUDLQ DQG EHKDYLRU 7UHQGV
LQ 1HXURVFLHQFH DQG (GXFDWLRQ   GRLMWLQH
'H 6PHGW % 6ZLOOHQ $ 9HUVFKDIIHO / 	 *KHVTXLqUH 3  0DWKHPDWLFDO GLVDELOLWLHV LQ FKLOGUHQ ZLWK T GHOHWLRQ
V\QGURPH $ UHYLHZ 'HYHORSPHQWDO 'LVDELOLWLHV 5HVHDUFK 5HYLHZV   GRLGGUU
'HYOLQ .  7KH 0LOOHQLXP 3UREOHPV 7KH VHYHQ JUHDWHVW XQVROYHG PDWKHPDWLFDO SX]]OHV RI RXU WLPH 1HZ <RUN 1<
86$ %DVLF %RRNV
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(QJOLVK / + %DUQHV 0 $ 7D\ORU + % 	 /DQGU\ 6 +  0DWKHPDWLFDO GHYHORSPHQW LQ VSLQD ELILGD 'HYHORSPHQWDO
'LVDELOLWLHV 5HVHDUFK 5HYLHZV   GRLGGUU
(SVWHLQ -  7KH &DOFXOXV &RQFHSW ,QYHQWRU\ ± 0HDVXUHPHQW RI WKH HIIHFW RI WHDFKLQJ PHWKRGRORJ\ LQ PDWKHPDWLFV
1RWLFHV RI WKH $PHULFDQ 0DWKHPDWLFDO 6RFLHW\   GRLQRWL
)HLJHQVRQ / 'HKDHQH 6 	 6SHONH (  &RUH V\VWHPV RI QXPEHU 7UHQGV LQ &RJQLWLYH 6FLHQFHV  
GRLMWLFV
)UDQNOLQ -  1RQGHGXFWLYH ORJLF LQ PDWKHPDWLFV 7KH SUREDELOLW\ RI FRQMHFWXUHV ,Q $ $EHUGHLQ 	 , 'RYH (GV 7KH
DUJXPHQW RI PDWKHPDWLFV SS  'RUGUHFKW 7KH 1HWKHUODQGV 6SULQJHU
)XFKV / 6 *HDU\ ' & &RPSWRQ ' / )XFKV ' +DPOHWW & / 6HHWKDOHU 3 0    6FKDWVFKQHLGHU &  'R
GLIIHUHQW W\SHV RI VFKRRO PDWKHPDWLFV GHYHORSPHQW GHSHQG RQ GLIIHUHQW FRQVWHOODWLRQV RI QXPHULFDO YHUVXV JHQHUDO FRJQLWLYH
DELOLWLHV" 'HYHORSPHQWDO 3V\FKRORJ\   GRLD
*HDU\ ' &  (GXFDWLQJ WKH HYROYHG PLQG &RQFHSWXDO IRXQGDWLRQV IRU DQ HYROXWLRQDU\ HGXFDWLRQDO SV\FKRORJ\ ,Q -
6 &DUOVRQ 	 - 5 /HYLQ (GV (GXFDWLQJ WKH HYROYHG PLQG &RQFHSWXDO IRXQGDWLRQV IRU DQ HYROXWLRQDU\ HGXFDWLRQDO
SV\FKRORJ\ 9RO  SS  *UHHQZLFK &7 86$ ,QIRUPDWLRQ $JH
*HDU\ ' &  0LVVRXUL ORQJLWXGLQDO VWXG\ RI PDWKHPDWLFDO GHYHORSPHQW DQG GLVDELOLW\ ,Q 9 &RQQHOO\ $ / %DUQHWW -
( 'RFNUHOO 	 $ 7ROPLH (GV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